Cardiology

: What's Best for Women in 2018?

Averbuj

Paula

Department of Cardiology, Lyell McEwin Hospital, Adelaide, Australia

Cardiovascular disease continues to be the first cause of death in Australian women and worldwide.\[[@ref1]\] Cardiovascular outcomes are worse in women than men, and this is due to a constellation of factors which include phonotypical and pathophysiological differences, more challenging clinical presentation with "atypical" symptoms, delays in diagnosis, treatment and less aggressive management that their counterpart males.\[[@ref2]\]

Women have traditionally been significantly underrepresented in clinical trials, and hence management has historically been based on extrapolation of results of trials conducted largely in men. Hence, determining the cause of the poorer outcomes in females has been elusive. Current knowledge supports anatomical and pathophysiological differences that influence the presentation of coronary artery disease in females, including more non-obstructive coronary artery disease, higher rates of plaque erosion and microvascular dysfunction, and less obstructive coronary artery disease than their counterpart males.\[[@ref3][@ref4][@ref5]\]

Contemporary imaging approaches based on the current knowledge on sex- specific aspects of cardiovascular disease will be discussed, including the role of newer techniques on cardiac catheterization and non-invasive imaging modalities that have a significant role in the current management of cardiovascular diseases in women.

Anatomy versus Function Investigate Chest Pain

Elison

Barry

Department of Nuclear Medicine, Wollongong Hospital, Wollongong, New South Wales, Australia

Anatomy utilizing non-invasive care will continue to replace and dominate functional assessment of chest pain.

In essence, the debate regarding function vs anatomy will continue for some time in the future. In the early phase of the emergence of CT coronary angiography as an investigation modality for coronary artery disease the criticisms of this modality were largely around lack of data with respect to accuracy, outcomes and its role in the algorithm of investigation of patients with chest pain for coronary artery disease and/or ischaemia. Furthermore, the modality was criticized for its lack of simplicity requiring substantial preparation techniques, high-end equipment and of course radiation dose. There has been a significant change in its utilization and acceptance in investigation of patients for coronary artery disease in the last decade.

In so far as the debate is concerned, the issues to be discussed will be:

Whether or not to add a calcium score to the investigation and what is the current state of the literature with respect to Calcium score.Analysis of the some of the very important outcome based clinical trials that have been published particularly Promise and Scot Heart and some of the subsequent literature relating to these very important studies.There have been some very important publications with respect to its role in functional imaging -particularly FFR-CT and I will outline some of these comparative studies with respect to FFR-CT.Some prognostic findings within the study itself such as vulnerable plaque and their relevance.A lot of the criticism for this modality was aimed at the hardware requirements, the presence or absence of Calcium and preparation.

The technological advances have made performance of this study far more simple. If time permits, there will be some discussion on new technology with respect to dual energy technology and signal rotation acquisitions.

Read with the Experts -- Heart Failure and I-123 Meta-Iodobenzylguanidine

Nakajima

Kenichi

Department of Nuclear Medicine, Kanazawa University Hospital, Kanazawa, Ishikawa Prefecture, Japan

The aim is to understand the standardised approach for I-123 MIBG imaging and how to use I-123 MIBG for risk stratification.

I-123 meta-iodobenzylguanidine (MIBG) imaging is a unique methodology to visualize integrity of sympathetic nerve function. In patients with heart failure, I-123 MIBG myocardial uptake is a powerful indicator of prognosis, and quantitative parameter most widely used is a heart-to-mediastinum (H/M) ratio calculated by an anterior planar view.\[[@ref6]\] However, the H/M ratio is known to be influenced by camera-collimator combinations including low-energy, low-medium-energy, and medium-energy collimators.\[[@ref7][@ref8]\] As we have advocated a phantom-based standardization method for H/M ratios, \>2000 phantom experiments have been performed in Japan and 210 experiments were added in Europe.

At present H/M ratios calculated using any collimator conditions can be standardized. One of the most important applications of the standardized H/M ratio is to create mortality risk models including I-123 MIBG.\[[@ref9]\] Two-year and 5-year mortality risk models were created with the combination of age, sex, H/M ratio, left ventricular ejection fraction and NYHA functional class. When the mortality risk model was validated in another cohort of patients, prediction of cardiac death was comparable to actual outcome in low-to-intermediate risk patients.\[[@ref10]\] Tomographic images have also been used to evaluate regional distribution of MIBG, and semiquantitative scoring methods need normal databases and/or comparison with perfusion defects.

Standardized MIBG indices can be effectively used for risk stratification of patients with heart failure.

**Disclosure of interest:** K Nakajima - Conflict with Collaborative research with FUJIFILM RI Pharma.

Current Status and Local Challenges in Asia

Nakajima

Kenichi

Department of Nuclear Medicine, Kanazawa University Hospital, Kanazawa, Ishikawa Prefecture, Japan

The aim of this presentation is to understand the need for population-specific databases, and evidence-based approach in Japan and Asia.

Nuclear cardiology is recognized as an important tool for the diagnosis of coronary artery disease. Although the role of myocardial perfusion imaging (MPI) is well known there are still variations for the use of nuclear cardiology among Asian countries; Japan, Korea, Taiwan, Singapore, and other countries. After the advent of coronary computed-tomography angiography, number of MPI is stable or slightly decreasing depending on countries.

Since most of large-scale nuclear medicine databases for diagnosis and prognosis have been accumulated in the United States, nuclear databases fitted for Asian populations is indispensable. In Japan, normal SPECT databases are created by Japanese Society of Nuclear Medicine working group for MPI (^201^Tl, ^99m^Tc-MIBI/tetrofosmin), fatty acid imaging with ^123^I-BMIPP and sympathetic nerve imaging with ^123^I-MIBG.\[[@ref11][@ref12]\]

Prognosis of the patients with coronary artery disease should also be based on Asian databases. In Japan, J-ACCESS multi-center prognostic studies confirmed importance of MPI.\[[@ref13][@ref14]\] Based on the multivariate analysis of the Japanese database, risk model for predicting major cardiac events were created. In addition, patient background information such as diabetes and chronic kidney disease is important factors that affect major cardiac events.

Sympathetic imaging with ^123^I-MIBG has been used in patients with heart failure, which is approved by Japanese Circulation Society's guidelines. While threshold value of heart-to-mediastinum ratio (H/M) has been proposed by ADMIRE-HF study, we have created multivariate mortality risk model including standardized MIBG H/M,\[[@ref15][@ref16]\] and the accuracy was confirmed by an additional cohort of heart-failure patients.

Population-specific approaches and databases are important for diagnosis and prognosis in Asian countries, which enable effective risk stratification of the patients with heart diseases.

**Disclosure of interest:** K Nakajima - Conflict with FUJIFILM RI Pharma, Nihon Medi-physics.

The Impact of Coronary Calcium Score as an Addition to Myocardial Perfusion Imaging in Altering Clinical Management

Stowers

Stephen

MidCentral DHB, Palmerston North, New Zealand

The use of visual estimation of coronary artery calcium (CAC) on hybrid SPECT/CT imaging can be to provide additional source of information to assist in the interpretation of borderline myocardial perfusion images (MPI). We assessed the effect of the absence of CAC on cardiac events and the interpretation of non-extensive perfusion defects in symptomatic patients.

At the time of MPI, hybrid systems obtain a low dose, non-ECG-gated CT scan that is used to perform attenuation correction. The utility of visual coronary CT attenuation correction scan (CTAC) in estimating actual CAC as measured by the Shemesh score (SS) was also validated. Six month phone interviews for cardiac events was conducted at six months on 30/150 patients whose CAC score was read as zero.

Visual assessment of CAC had a excellent intraclass correlation coefficient of 0.973 for total calcium score, with 95% confidence interval of 0.963 to 0.980. 20% (30/150) patients had a CAC score read as zero. 97% (29/30) MPI scans read with a CAC score of zero were also read as having no inducible myocardial perfusion abnormality despite 70% (21/30) having a abnormal SSS. 10% (3/30) patients had normal coronary angiography. No patient (0/30) had a cardiac event at six months whos CAC score was read as zero.

CAC can be visually estimated from a CTAC scan with high degree of inter-observer reproducibility. Absence of CAC influences the interpretation of borderline MPI and may better define the risk of cardiac events during follow-up.

Endocrinology

: What's New in Adult Thyroid Cancer Management

Hoang

Jeremy

Department of Nuclear Medicine, Royal North Shore Hospital, Sydney, New South Wales, Australia

In the past few years, there has been major progress in our understanding and management of differentiated thyroid cancer. Significant advances are seen in the reclassification of the follicular variant of papillary thyroid cancer and the revision of the TNM classification coming into effect in 2018 that downstages many patients including those with nodal metastases.

Certain genetic mutations have been shown to be associated with worse prognosis and may be useful in the initial risk stratification. In the current era of tyrosine kinase inhibitors, the FDG PET and radioiodine scans are essential in verifying the presence of radioiodine refractory disease and help determine the disease burden and the rate of disease progression, factors that are crucial in guiding treatment.

Nuclear Medicine and Hyperparathyroidism

Ho Shon

Ivan

Department of Nuclear Medicine and PET, Prince of Wales Hospital, Sydney, New South Wales, Australia

Primary hyperparathyroidism is an increasingly frequent diagnosis and definitive therapy is surgical resection of the overactive parathyroid gland(s). Minimally invasive para-thyroidectomy reduces operative time, morbidity and costs however requires accurate preoperative imaging localisation of the abnormal parathyroid gland(s). This presentation will review nuclear medicine techniques and other modalities for preoperative localisation of overactive parathyroid glands.

Parathyroid imaging with Tc-99m sestamibi has demonstrated high sensitivity and positive predictive value in the preoperative localisation of overactive parathyroid glands, particularly parathyroid adenomas. Positron emission tomography (PET) with methionine and more recently choline-based tracers have shown promising results and may be of benefit in patients where other studies are non-localising. In addition, there are several other modalities for localisation of overactive parathyroid glands, particularly ultrasound and multiphase x-ray computed tomography (CT) which have also demonstrated high sensitivity and positive predictive value in the preoperative localisation of parathyroid adenomas.

Imaging with Tc-99m sestamibi has an important role in primary hyperparathyroidism for the preoperative localisation of overactive parathyroid glands. There are a number of other effective imaging methods for preoperative localisation in hyperparathyroidism including PET, ultrasound and multiphase CT. All of these imaging techniques have complementary roles in imaging in primary hyperparathyroidism.

Radioiodine in the Management of Benign Thyroid Disease: A Practical Australian Approach

John McKay

W

Department of Nuclear Medicine and PET, Monash Medical Centre, Clayton, Victoria, Australia

"The more things change the more they stay the same". From a 45 year experience of managing patients with hyperthyroidism this presentation will discuss the changing trends in the management of patients with radioiodine over the years. The current international guidelines will be briefly discussed and a practical approach to the use of radioiodine in the management of benign thyroid disease will be suggested.

F-Fluoro-L-Dihydroxyphenylalnine Imaging in Hypoglycaemia of Infancy

A Pattison

David

Department of Nuclear Medicine and Specialised PET Services, Royal Brisbane and Women's Hospital, Brisbane, Queensland, Australia

Congenital hyperinsulinism (CHI) refers to a clinically, genetically and morphologically heterogenous condition associated with hypoglycaemia due to dysregulated insulin secretion. The hypoglycaemia can be persistent and severe, and prompt diagnosis and effective therapy is necessary to prevent complications including epilepsy, cerebral palsy and neurodevelopmental deficits.

Histologically CHI is classified in three subgroups: diffuse, focal and atypical forms. Diffuse disease affects all the islets in the pancreas, focal disease abnormality is confined to a small region of the pancreas, and atypical forms have also been described. Genetic analysis of different candidate genes (particularly *ABCC8* and *KCNJ11*) is helpful in differentiating between these CHI subtypes. However, the introduction of ^18^F-fluoro-L-dihydroxyphenylalnine (^18^F-DOPA) PET/CT -- based upon co-secretion of dopamine and insulin by human pancreatic beta cells -- has led to a significant change in the diagnostic approach and therapy of CHI.

Treatment modalities for CHI include dietary modification, IV glucose infusion, medical therapy (primarily diazoxide and octreotide) and pancreatic surgery. Focal CHI is curable after focal enucleation, or partial pancreatectomy, without subsequent risk of diabetes or malabsorption. Surgery for diffuse CHI should be restricted to medical non-responders and ranges from partial to subtotal pancreatectomy. ^18^F-DOPA PET/CT imaging is less invasive and more accurate/reliable than previous techniques for identification and pre-operative localisation of pancreatic focal lesions to guide the surgical approach.\[[@ref25]\] Localisation techniques include visual or quantitative methods, the latter using high standardised uptake value (SUV) ratio to identify the focal lesion with published SUV ratio cut-offs ranging between 1.2 to 1.5. Imaging protocols will be discussed and an approach to scan interpretation will be provided using case examples.

SPECT/CT and PET/CT Imaging in Thyroid Cancer

Kit Wong

Ka

University of Michigan, Ann Arbor, Michigan, USA

Well differentiated thyroid cancer (WDTC) incidence continues to increase due to earlier detection and environmental effects, with excellent prognosis for thyroid microcarcinoma and low-risk WDTC. Risk stratification based on histopathology, thyroglobulin measurement, and imaging guides management. The increase of the age threshold to 55 years in the 8^th^ edition of the AJCC TNM Staging for thyroid cancer will lead to downstaging compared to the prior edition. Radioiodine scintigraphy and fluorodeoxyglucose (FDG) PET/CT are complimentary imaging tests, providing insight into the biological behaviour of WDTC.

Hybrid SPECT/CT and PET/CT technology has achieved standard clinical usage. SPECT/CT provides incremental diagnostic value with well documented benefits over planar imaging on I-131 or I-123 scans. Pre-ablation diagnostic SPECT/CT reduces equivocal findings, allows for characterization of uptake as benign or malignant, and can detect unsuspected N1 or M1 disease. SPECT/CT can guide selection of I-131 activity dose for remnant ablation or targeting of radioiodine avid disease. Post therapy SPECT/CT completes staging of WDTC with the highest diagnostic sensitivity.

A wide spectrum of benign variants have been described on scintigraphy and SPECT/CT allows confident diagnosis of such false-positives. Dosimetry using SPECT-CT is possible though is currently under-utilized. The spectrum of WDTC ranges from classic types, Hürthle cell variants, high risk features (tall cell, columnar, etc.), to poorly differentiated thyroid cancer, with varying degrees of sodium iodide symporter (NIS) expression.

In the setting of elevated thyroglobulin and negative radioiodine scintigraphy, FDG PET/CT is useful for detection of structurally residual disease and performance can be augmented with rhTSH stimulation. Non-iodine-avid disease recurrence in the neck found on PET is amenable to surgical resection or ethanol ablation.

FDG PET/CT can also identify iodine refractory distant metastatic disease for which systemic multikinase inhibitor therapy is suitable. Positivity on PET imaging heralds a worst prognosis with 10-year survival falling to 50%.

Infection/Inflammation

: Molecular Imaging in Diabetic Patients with Infection

Noriega Álvarez, ISORBE

Edel

Hospital General Universitario De Ciudad Real, Ciudad Real, Spain

Patients with longstanding diabetes develop peripheral neuropathy that, together with peripheral vascular disease (and microvascular dysfunction) often leads to foot complications that can affect the skin, soft tissues and bones. Up to 25% of the diabetic population is at risk of developing a pedal ulcer, frequently the cause of non-traumatic lower-extremity amputations that are associated with a 5-year mortality of approximately 50%.\[[@ref27]\]

With clinical examination, it is difficult to differentiate between soft tissue infection and osteomyelitis (OM). Bone biopsy is an invasive procedure that loses its reliability when the fragment of the biopsy is contaminated by cutaneous bacteria.\[[@ref28]\] Therefore, the image diagnosis is crucial in this evaluation.

Magnetic resonance imaging (MRI) is able to differentiate between OM and soft tissue infection,\[[@ref29][@ref30]\] but its specificity is reduced if there is bone destruction, dislocation, bone marrow oedema, synovial effusion and loss of margins of bone or joint, conditions that characterise neuroarthropathy and that it is difficult to differentiate from OM.

Molecular Imaging plays an important role in this clinical context. Bone scan (BS) is sensitive but not specific for OM in diabetic foot infection. Some researchers compare white blood cell labelled scan (WBC) versus the combination of BS + WBC, but combined study only shows a marginal improvement.\[[@ref31]\] In a meta-analysis, WBC had a sensitivity and specificity of approximately 86% and 85%, respectively.\[[@ref29]\] In another review, WBC sensitivity and specificity ranging between 79-100% and 70-97%, respectively, was reported.\[[@ref32]\] Implementing in WBC scan the time decay corrected acquisition (TDCA), delayed planar images (8h or 24h) and SPECT/CT,\[[@ref33]\] it is possible to differentiate OM versus Charcot arthropathy, but studies are still necessaries to confirm it.

^18^F-FDG PET is less sensitive but more specific than MRI for the diagnosis of bone involvement at 81% and 93% respectively, and 91% and 78% respectively.\[[@ref32]\] A recent meta-analysis compares the four imaging modalities most commonly used in the diagnosis of OM of the diabetes foot (i.e., MRI, ^111^In-oxine--WBC SPECT/CT, ^99m^Tc-HMPAO--WBC SPECT/CT, and ^18^F-FDG PET/CT). The authors suggest that ^99m^Tc-HMPAO--labelled WBC and ^18^F-FDG PET/CT offer the highest specificity for diagnosing OM while demonstrated comparable sensitivity to the other imaging techniques reviewed. Only 2 studies used a methodology proposed by European Association of Nuclear Medicine. In view of the continued lack of consensus on this issue, we believe there is a need for a standardization of diagnostic methods and an evidence-based sequential approach.\[[@ref27]\]

No studies have yet been conducted with large series of patients comparing PET versus WBC with TDCA and delayed images. Therefore, WBC is currently the most widely used radionuclide study for the diagnosis of OM in diabetic foot.

Imaging Fungal Infections

Ankrah

Alfred

University Medical Center Groningen, Groningen, The Netherlands

There has been a steady increase in invasive fungal infections (IFIs) as a result of an increase in the immunocompromised population who are at risk for IFIs. IFIs cause significant morbidity and mortality in immunocompromised individuals, and early diagnosis, appropriate and optimal treatment are crucial for improving the outcome of IFIs. Imaging plays an essential role in the diagnosis, staging and therapy decision making in patients with IFIs. Imaging with ^18^F-FDG-PET/CT has been shown to be useful in IFI management. A high index of suspicion must be maintained when interpreting the PET/CT scans of the population at risk for IFIs. The most important role of ^18^F-FDG-PET appears to be its ability to monitor therapy in IFIs to determine the duration, the need to prolong the treatment, the need to switch the antifungal agent or even pursue a different therapeutic strategy such as surgical resection of the IFI lesion. Monitoring therapy with ^18^F-FDG-PET also enables the treatment for the underlying condition to be undertaken for the patient at an earlier point in time when other imaging modalities may not have shown a complete response to the antifungal therapy. ^18^F-FDG-PET is not without limitations, and the high tracer accumulation at physiologic sites may decrease lesion detectability. Again, the non-specificity of the ^18^F-FDG is particularly challenging in the immunocompromised patient. It is crucial to take all the relevant clinical data into account when interpreting the studies of patients at risk of or with known IFIs. Furthermore, the advantages and disadvantages of the other imaging modalities used in IFIs must be appreciated to optimize their use in IFIs. Some new tracers have yielded some promising results for the management of IFIs. Therapy with radiolabelled tracers is also a potential future application that holds promise for the management of IFIs, particularly for resistant fungi.

Update on HIV: Prevention, Treatment and Cure

cmahon

James
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Department of Infectious Diseases, Alfred Hospital and Monash University, Melbourne, Victoria, Australia

Department of Infectious Diseases, Monash Medical Centre, Melbourne, Victoria, Australia

Globally, over 36 million people are infected with HIV with 1 million new infections and nearly 2 million deaths annually. Modern antiretroviral therapy (ART) has transformed the epidemic reducing morbidity and mortality for people with HIV and has now become the cornerstone of preventing onward HIV transmission. This presentation will review the latest updates in the use of ART and other interventions for the treatment of HIV and prevention of HIV transmission.

Despite these advances only one individual has been cured of HIV, but significant progress has been made in understanding the HIV reservoir and measuring the amount of HIV present on ART. This has led to a growing number of clinical trials with interventions aimed at reducing viral persistence in participants on ART and ultimately to allow safe cessation of ART. The presentation will also review the main barriers to HIV cure, methods to measure HIV persistence and clinical strategies that are under evaluation to cure HIV.

**Disclosure of interest:** J. Mcmahon Conflict with: Institution receives grant funding for research from Viiv, Gilead and Merck.

White Blood Cell Labeling: Pearls and Pitfalls

Ozker

Kutlan

Medical College of Wisconsin, Milwaukee, Wisconsin, USA

Blood cell radiolabeling (BCR) is a pharmaceutical compounding procedure commonly performed in health care settings such as nuclear medicine laboratories or centralized radiopharmacies which serve multiple institutions. These procedures vary between countries and between health care settings in the same country and even in the same community.

International Society of Radiolabeled Blood Elements (ISORBE) has been trying to help reaching a standard in BCR regarding its safety and usefulness. An important component for reaching a standard in BCR is training the staff in health care settings who are responsible for these procedures.

ISORBE has initiated training programs leading to a certificate of competency starting from 2009. These programs consisting didactic courses and on the job training in the radiolabeling of blood cells have been carried out in several countries. On the other hand there is a global interest in reducing the risks to the patients resulting from pharmaceutical compounding procedures in health care settings. Accordingly, guidelines and regulations were recently implemented to provide safer environments to compound sterile preparations and reduce the consequences of microbial contamination.

This talk will summarize the current guidelines and revisions to United States Pharmacopeia (USP 797) regulations in relation to BCR as a model guideline. Requirements for a model laboratory set up and procedures as well as a training program will be discussed.

Molecular Imaging of Infection in the Prosthetic Joint

J Palestro

Christopher

Department of Radiology, Hofstra Northwell School of Medicine, Northwell Health, New York, USA

Nearly one million lower extremity arthroplasties are performed annually in the United States Aseptic loosening, the most common cause of prosthetic failure, usually is caused by an inflammatory reaction to one or more of the prosthetic components and is managed by a single stage exchange arthroplasty completed in a single hospital admission with one surgical intervention. Infection accounts for about 2% of primary implant failures and about 5% of revision implant failures. Treatment usually involves an excisional arthroplasty followed by antimicrobial therapy and eventually a revision arthroplasty. Because their management is so very different, distinguishing aseptic loosening from infection of a prosthetic joint is extremely important. Joint aspiration with culture is the definitive preoperative diagnostic procedure. Though specific, sensitivity is variable.

The most widely and often the initial radionuclide test performed is bone scintigraphy. Though sensitive it is not specific and is most useful for screening purposes. The accuracy of bone scintigraphy is between 50%\>70%. Gallium-67 imaging, which has been used to improve the specificity of bone scintigraphy, has accuracy between 60% and 80%, offers only modest improvement over bone scintigraphy alone and has fallen into disuse.

Currently, the best available imaging test for diagnosing prosthetic joint infection is labeled leukocyte bone marrow imaging with an accuracy of about 90%. All of the studies published over the past three decades confirm that this test is highly specific for infection. In nearly all of the investigations the test has proved to be sensitive as well. Radiolabeled antigranulocyte antibodies and antibody fragments, which are not widely available, have proven to be less accurate than labeled leukocyte/marrow imaging.

In prosthetic joint infection SPECT/CT provides additional important information by precisely localizing abnormalities, and facilitating the differentiation of soft-tissue from bone infection. SPECT/CT potentially could identify other causes of prosthetic failure and the diagnosis could be made more expeditiously.

Diagnosing prosthetic joint infection with FDG-PET has been investigated extensively. After more than 15 years of inconsistent and contradictory results, this test is not a suitable replacement for or alternative to labeled leukocyte/marrow imaging.

The development of an infection specific imaging agent would be a significant improvement. ^99m^Tc-UBI 29-41, a radiolabeled synthetic fragment of the naturally occurring human antimicrobial peptide ubiquicidin has shown some promise in this regard, but more data are needed.

Imaging Tuberculosis

Sathekge

Mike

Department of Nuclear Medicine, Steve Biko Academic Hospital and University of Pretoria, Pretoria, South Africa

Despite extensive research into tuberculosis (TB), significant challenges still exist in its diagnosis, treatment and therapy response assessment. Further the intersection and syndemic interaction between the human immunodeficiency virus (HIV) and TB epidemics continues to have global prevalence with devastating morbidity and massive mortality. Hence the need to review the added value of molecular imaging as a reliable tool in this clinical setting.

The presentation will review and discuss the currently available molecular imaging studies performed to improve our understanding of the pathogenesis of TB infection and assess the value of imaging in the clinical decision making of patients with TB.

Rapidly growing data suggest molecular imaging may add value in:

Detection and assessment of lesion activity and characterizing TB granuloma;Distinguishing active from inactive disease;Identification of patterns of metabolic uptake in the lung parenchyma and thoracic nodes;Prediction of developing active TB from LTBI;Identification of the risk of developing active TB in patients with old healed TB lesions;Assessing patients after a clinical cure of pulmonary TB; andMonitoring response to TB chemotherapy

This talk will have demonstrated that molecular imaging techniques currently available for clinical use in TB imaging shows promising results with the potential for clinical applications in the diagnosis and treatment of TB in clinical practice.

Imaging of Atherosclerosis

Sinzinger

Helmut

Isotopix-Institute for Nuclear Medicine, Vienna, Austria

Molecular imaging of atherosclerosis by positron emission tomography is a great promise for the detection of the activity of underlying biochemical processes and in particular to identify high risk lesions prone to rupture. In time F-18-FDG and F-18-NaF so far are the most widely used compounds. Besides the information on the correlation of uptake with risk factors, risk charts, systemic markers of inflammation, individual clinical prospective value for one particular patient is still doubtful.

We examined the F-18-FDG and F-18-NaF uptake in experimental atherosclerotic lesions (after abrasion with a Fogarthy catheter) in normo- and hypercholesterolemic New Zealand white rabbits. Furthermore, atherosclerotic lesions as well as cultured endothelial and smooth muscle cells, monocytes/macrophages were investigated ex-vivo and in-vitro.

In-vitro as well as ex-vivo findings from excised lesions indicate, that the F-18-FDG uptake in SMC depends on the metabolic activity. Activated SMC uptake may exceed by far (max. + 47%) the one of monocyte-derived macrophages. Although foam cells have been claimed to be the key target of F-18-FDG, studies on isolated cells demonstrated that per cell the uptake is the highest in endothelial cells and in activated smooth muscle cells, which contribute to the stabilization of the lesion rather than the progression of the disease. On the other hand, depending on the lesion stages, the relative content of the different cell types varies considerably. Different types of calcification as well as inflammation are processes taking place at the same time in one particular lesion site. Microcalcifications are known to promote plaque rupture, these findings on a cellular level are also significantly influenced by the drug intake, particularly the one of statins.

Various pathobiochemical mechanisms going on in an arterial lesion at the same time with a different uptake behaviour make an identification of a special lesion type by molecular imaging very difficult. The ubiquitous presence of F-18-FDG in contrast to F-18-NaF makes it unlikely that it may become in the future a promising marker for the early identification of unstable human atherosclerotic lesions prone to rupture.

Which, Where and When to Select Radioantibiotics, Labelled Leucocytes and Radiolabelled Peptides for Infection/Inflammation

Soroa

Victoria

Nuclear Medicine Technology, CNEA (Argentinian National Atomic Energy Commission), CABA, Argentina

Revision of the principles for radiolabelling leucocytes, antibiotics, peptides & ^18^F-FDG in pursuit of the infection/inflammation diagnostic functional image for infection/inflammation. Short description of mentioned methodologies: labeled leucocytes-Tc99m, ciprofloxacin-Tc99m, ceftizoxim-Tc99m, ubiquicidin-Tc99m and FDG-F18 will be given. New instrumentation, hybrid images and software should influence the selection and available possibilities in the working place.

Application of the radiolabelled agents will depend on clinical presentation, site, and time of the event, technical expertise & availability in the region.

Correct application of the different methods discussed, depending on the patient´s presentation and urgency of diagnostic response. Consider controversies and pitfalls of the expected images With the scenario of traditional and new radiolabelled agents the attendees will be capable of applying the most suitable appropriate radiomolecule for the infection/inflammation diagnosis and follow-up of the patient´s pathology.

Tracking Virus Infection and Immune Responses

In Vivo

: From Macro to Microscopic Characterization

Villinger

Francois

New Iberia Research Center, University of Louisiana at Lafayette, New Iberia, Louisiana, United States

While the interplay of host and pathogens has been followed in detail using rodent models and fluorescent based technologies, larger animal models and humans present challenges for technologies that do not penetrate deep into tissues.

We have therefore developed and optimized a method to image pathogens and immune markers in nonhuman primates using a combination of isotope and fluorescent labeled ligands to map host pathogen interactions in real time using a combination of immunoPET/CT followed by targeted sampling of tissues of interest and analysis of such tissue at the cellular and subcellular level using confocal microscopy and flow cytometry.

In the context of simian immunodeficiency virus (SIV) infection of rhesus macaques as a model of human HIV infection, we have been able to interrogate virus and CD4 T cell dynamic during acute and chronic infection, upon antiretroviral therapy (ART) initiation, identifying sanctuaries of continued low levels of replicating virus as well as identifying functional virus reservoir from which virus rebounds upon ART interruption. Data obtained from these analyses show early saturation of upper lymphoid tissues before a massive shift to gastrointestinal tissues (GI) upon SIV infection, with the GI harboring viral sanctuaries and functional viral reservoirs. However, this technology can also serve to identify the dynamics of immunogens following immunization identifying immune draining sites, advancing our understanding of immune mechanisms of elaboration of immune responses and the identification of potential limitations.

Moreover, unlike techniques that use recombinant pathogens expressing a reporter, many of the techniques developed may readily translate the clinic, providing novel investigative tools with which to monitor therapeutic progress and clinical trials.

**Disclosure of interest:** F Villinger - Conflict with NIH grant.

Imaging Vascular Graft Infection

Vorster
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Department of Nuclear Medicine, Steve Biko Academic Hospital and University of Pretoria, Pretoria, South Africa

The infection rates of vascular grafts are low. However, when infection occurs, it tends to be associated with high rates of morbidity and mortality. Timely non-invasive and reliable detection with SPECT or PET imaging may play an important role in the management of these patients.\[[@ref50]\] The objectives are:

Identification of both SPECT and PET tracers used in vascular graft imaging and understanding the various advantages and limitations of these;Pattern recognition in the interpretation of infected vs non-infected vascular grafts;Understanding the role of Nuclear Medicine in the imaging of infected vascular grafts

An overview of the most relevant/robust publications and sharing of experience from our center.

SPECT imaging options include labeled leukocytes and Ga-67 citrate, whereas ^18^F-FDG PET/CT imaging is best validated.\[[@ref50]\]

Review of a large cohort of patients with different types of vascular grafts concluded that the majority of non-infected vascular grafts demonstrated a diffuse pattern of FDG uptake, which remained unchanged over time.\[[@ref51]\] Imaging with ^18^F-FDG PET/CT in patients with suspected vascular graft infection demonstrates high accuracy and could play an important role in the early detection and monitoring of treatment response in such patients.\[[@ref52]\]

Imaging with ^18^F-FDG PET/CT appears to be a valuable tool which demonstrates high accuracy in patients with suspected vascular graft infection. Knowledge of the various patters and potential pitfalls that may be encountered in different clinical settings may avoid misinterpretation and optimize patient management.

Molecular Imaging

: Multimodality Imaging

Cai

Weibo

University of Wisconsin - Madison, Madison, USA

Each molecular imaging technique has its strengths and weaknesses. Combining different imaging modalities in a rational manner will provide complementary or synergistic information. In this talk, I will briefly present some background about each molecular imaging technique, and then give some examples about the recent development of multimodality imaging agents.

The learning objectives are:

1)Understand the basics of various molecular imaging techniques2)Understand how to design and prepare multimodality imaging agents3)Understand how different imaging techniques can be used to provide complementary and/or synergistic information

When Particles Meet.... Interaction of Radiation with Nanoparticles

Grimm

Jan

Memorial Sloan-Kettering Cancer Centre, New York, USA

Nanotechnology has been used in cancer therapy and diagnosis for quite some time. Nanoparticles possess several desirable features for use in imaging and therapy. They serve as platforms for loading therapeutics and contrast agents while simultaneously anchoring targeting ligands or stealth polymer coatings. Their size and surface chemistry can be tuned such that they exhibit attractive biological properties, such as passive accumulation and retention in cancer, in contrast to the rapid washout often observed by small molecular imaging agents. Among the many imaging modalities that have adopted nanoparticle-based contrast agents are nuclear imaging techniques such as PET or SPECT. Consequently, radiolabeled nanoparticles are of great interest to the nuclear imaging and nano-oncology communities.

Radiolabeling of nanoparticles has been achieved via surface functionalization of chelating agents that bind specific radioisotopes. This approach enables utilization of labeling protocols that have already been established in molecular chelator research but presents several well-known disadvantages since there is no molecular chelator that fits to all radioisotopes, there is no one-stop-shop approach. To solve this issue, we have devised a method that allows for exactly that -- a chelator-free radiolabeling method that allows to create inherently radioactive particles for diagnosis and therapy. This combination of radiotracers with nanoparticles also allows for some new imaging modalities due to the interaction of the payload with the particles, which will be shown in more depth. Using Cerenkov light from the radiotracer, we used nanoparticles and fluorochromes to shift the light from blue to greater penetrating red light and have created switchable nanoagents based on radioactivity.

Probe Development -- Small Molecule Agents in Neuroscience

Kassiou

Michael

School of Chemistry, University of Sydney, Sydney, New South Wales, Australia

The development of small molecule probes for use in neurosceince provides a unique opportunity to study human health. It aids in diagnosis and understanding of neurodegenerative diseases, assists with streamlining of drug development and in the validation of animal models of disease. The latest developments in the field will be discussed.

Molecular Imaging Probe Development -- Nanoparticles

Soo Lee

Dong

Seoul National University, Seoul, Republic of Korea

Radionanomedicine is the combined approach of nuclear medicine and nanomedicine. Radioisotopes such as Tc-99m (SPECT; single photon emission combined tomography) or Cu-64 (PET: positron emission tomography) are used as diagnostic-imaging help to nanomedicine and radioisotopes such as Lu-177 and Y-90 for therapy aide. Radionanomedicine can be divided to exogenous or endogenous ones.

Exogenous radionanomedicine uses mostly inorganic materials such as iron oxide, gold, silica and doped nanoparticles (upconversion nanoparticle). It also can use organic materials of micelle or liposomes. We can use trace amount (nanomole) and avoid concerns of safety and also use tracer kinetic to elucidate the biodistribution with imaging and quantification. Using Ga-68-DOTA-labeled iron oxide, fluorescent-labeled SERS (surface enhanced Raman scattering) dots, and Cu-64 labeled UCNP (upconversion nanoparticles), we could 1) characterize sentinel lymph nodes using mannose-macrophage targeting, 2) FRES (fluorescence-Raman endoscopic system) imaging of HER2/EGFR1 receptors or VEGF on the surface of the tumours and 3) rapid hepatobiliary excretion of 40 nm-sized encapsulated UCNPs, respectively.

Endogenous radionanomedicine recently adopted endogenous organic nanovesicles which are collectively called extracellular vesicles (EVs) consisting of exosomes and microvesicles. Liposomes are void surrogate (of EVs) artificially made to mimic exosomes. EVs were proposed to replace cell therapy. Instead of fluorescent dyes, Tc-99m HMPAO or Cu-64 DOTA could label EVs to reveal biodistribution on SPECT or PET. Migration of EVs on microfluidic chips and their functional activity using luciferase-reporter or graphene-oxide-reporter could simulate intercellular in vivo action of EVs successfully in vitro. Thus, understanding of whereabouts and action at target sites (cells) of EVs were recently enabled by endogenous radionanomedicine and molecular imaging on a chip.

In vivo application needs further progress in understanding innate immune responses to these radiolabeled nanomaterials. Differential uptake by Kupffer cells and hepatocytes are to be interpreted on their characteristic molecular mechanism to naked, corona-protein labeled or PEGylated nanomaterials. Radiolabeled nanomaterials will soon elucidate the exact biodistribution affected by physiology and bodily immune responses to nanomaterials.

Measuring the Dopamine Response to Cigarette Smoking in Men and Women with "lpntPET": Tuning the Kinetic Model to Capture Dopamine Fluctuations

Morris

Evan

School of Engineering and Applied Science, Yale University, Connecticut, USA

PET imaging with neuroreceptor tracers has been used successfully to monitor changes in a neurotransmitter which competes with a given tracer at a specific binding site. Assays of stimulus-induced dopamine release have become a standard use of PET for studying addiction and other psychiatric disorders. Sometimes, as with cigarette smoking, the dopamine response is short-lived and conventional kinetic models are not well-suited to detect changes in the PET signal caused by these brief events. In such cases, conventional approaches to analysis with time-invariant kinetic parameters can lead to highly variable or conflicting findings. (Simulation Study). Realistic noisy phantom images of dynamic PET data containing known responses to dopaminergic stimuli were created. Design parameters such as activity dose, mode of tracer administration (bolus vs bolus/infusion), duration of study and timing of stimulus were examined to determine the optimal PET experiment for detecting and characterizing the response to smoking. (Experiment with smokers). Eight female and 8 male smokers were scanned after overnight abstinence with ^11^C-raclopride PET. Each subject smoked one of his or her own cigarettes while in the PET scanner. lpntPET was applied at the voxel level to create spatio-temporal patterns of dopamine release in the striatum for each participant.

Simulations. For a study with ^11^C-raclopride with smoking at 35 minutes into the scan, 75 minutes of scanning following a bolus injection was deemed optimal for detection of the dopamine response. Experiment. Male smokers were found to have significant dopamine release in the right ventral striatum during smoking but female smokers did not. Preliminarily, we have also identified a locus in the dorsal striatum where female smokers respond faster than males to smoking.

The optimization of the experiment has allowed us to shorten the scan time and simplify the experimental protocol without sacrificing sensitivity. The finding of sex-differences in the ventral striatal dopaminergic response to smoking a cigarette may be an important aspect of the known behavioural differences in smoking and in response to medications for smoking.

Molecular Imaging Probe Development-Reporter Genes

Youn

Hyewon

Seoul National University, Seoul, Republic of Korea

In molecular biology, many reporter genes have been developed for monitoring cellular processes. Development of controlled gene delivery system promotes to construct various types of reporter genes for monitoring the level of a gene expression, the promoter activity, or protein-protein interaction. By placing an imaging reporter gene under the control of a promoter, the amount of reporter protein can be dynamically visualized *in vivo*. In addition, various instrumental advances in molecular imaging have been facilitating the sensitivity and resolution of *in vivo* reporter imaging. Here, I will summarize the basic concept and the strategies of reporter imaging. I will also introduce various reporter genes which are frequently used in optical, nuclear medicine, and magnetic resonance imaging for *in vivo* application. Each modality has its unique advantages and disadvantages, and therefore, appropriate choices should be made by each specific situation. For better understanding of reporter imaging, I will explain typical examples of reporter gene imaging. Though several types of reporters and multimodal imaging instruments are currently available, more efficient multimodal reporter gene system and detectors compatible with several imaging modalities are still required, and I will also summarize recent advances in multimodal reporters.

Musculoskeletal

: Bone Scanning in Relation to Hip Prostheses

Allwright

Stephen

Mater Hospital, Crows Nest, Australia

The aim is to understand the variety of patterns associated with complications related to hip prostheses and their biomechanical aetiologies. We will review case studies demonstrating a variety of complications and a discussion of the points to look for to try and distinguish the various aetiologies and their relationship to patient symptoms. The desired outcome is to recognise various common patterns around hip prostheses and to have a biomechanical approach to assessing possible aetiologies in uncommon patterns.

Update on Radiosynovectomy for Hemophilic Arthropathy and Rheumatoid Arthritis

Barrenechea

Emerita

St Luke's Medical Center, Quezon City, Philippines

Radiosynovectomy (RS) is the radionuclide therapy of joint synovitis by intraarticular injection of Yttrium-90. Terbium-169 or Rhenium-186 and newer radionuclides. The mechanism of this procedure is that the radioactive particles are absorbed by the superficial cells of the synovium and the beta radiation leads to coagulation necrosis and sloughing of these cells. Despite its efficacy, it is underutilized. It is therefore the aim of this presentation to prove it is highly effective in hemophilic arthropathy (HA) and rheumatoid arthiritis (RA). Documented cases of hemophilia and rheumatoid arthritis will be included. They will be treated with Yttrium silicate for larger joints (knees) and Rhenium 186 for medium sized joints. There has been an overall success in RS among hemophiliacs of 86% and 70% in RA based on baseline parameters and at the end of the study. A meta-analysis of other publications will be cited. Radisynovectomy is a safe and cost-effective treatment for hemophilic arthropathy and rheumatoid arthritis. Other benefits include that this procedure can be done on an outpatient basis, and no rehabilitation needed, lower Factor 8 replacement for coagulopathy in hemophiliacs compared to 100% when they undergo surgery. There has been no reports of secondary malignancy in long term studies.

Single Photon Emission Computed Tomography/Computed Tomography in Indeterminate Bone Lesions

Han

Sai

Glasgow Royal Infirmary, Glasgow, United Kingdom

Nuclear Medicine plays an important role in the investigations of benign and malignant bone diseases. Planar and SPECT bone scintigraphy have limited anatomical and structural information and frequently gives inconclusive results with a potential diagnostic delay. The addition of CT to nuclear medicine provides functional activity plus better localisation and characterisation of the lesions. SPECT/CT has been shown to be superior to both Planar and SPECT imaging in solving indeterminate bone lesions. Similarly, equivocal bone lesions on XR, CT and MRI can be correlated with nuclear medicine to assess their activity. SPECT/CT bone assessment requires both nuclear medicine and musculoskeletal CT skills, and a structured reporting approach is useful in our practice. The standard reporting should start with reviewing Planar images aided by relevant clinical information and previous imaging findings. If the scans need further clarification, patients can proceed with SPECT/CT in the same session. Better localisation will clarify the origin whether artefacts, soft tissue pathology or skeletal lesions. Better morphological assessment on CT can identify whether sclerotic, lytic or mixed lesions, and aggressive or nonaggressive lesions etc. Anatomy and morphology-based interpretation helps reach a conclusive diagnosis in a timely manner and also can detect critical findings such as risk of pathological fractures, potential threat to spinal canal etc. Hybrid imaging can also uncover significant incidental pathologies such as soft tissue mass, lymphadenopathy etc. This talk will go through the strengths and limitations of SPECT/CT reporting with example cases including traumatic, metabolic, inflammatory, degenerative and neoplastic bone lesions.

Single Photon Emission Computed Tomography/Computed Tomography in Charcot Osteoarthropathy-Lessons from a Multidisciplinary Diabetic Foot Service

Mulholland

Nicola

King's College Hospital, London, United Kingdom

Charcot neuropathic osteoarthropathy (CN) is a bone and joint complication of diabetes which poses significant challenge in clinical practice. Trauma to the neuropathic foot leads to an inflammatory and osteoclastic response, which can lead to fracture, bone fragmentation and joint destruction. This evolves into severe foot deformity i.e. the Charcot foot. Charcot foot is a major cause of morbidity and debilitation for people living with diabetes, and prompt management is indicated to prevent complications. Drawing on illustrated case examples and algorithms from Kings diabetic foot unit, an internationally recognized centre of excellence with low amputation rate and one of the largest and oldest in UK, this talk will discuss our clinical and imaging approach to management of acute Charcot Foot, particularly with reference to imaging. Learning objectives are:

To understand the pathophysiology of Charcot footTo be able to recognise the clinical presentation and understand limitations of pre-imaging investigationsTo understand the role of SPECT CT in the management of Charcot osteoarthropathy.

The Role of Positron Emission Tomography in Vasculitis and Polymyalgia Rheumatica

E Owen

Claire

Department of Rheumatology, Austin Health, Melbourne, Victoria, Australia

Giant cell arteritis (GCA) is a large vessel vasculitis affecting the aorta and its branches. Whilst cranial cases are more easily diagnosed, 10% of patients exhibit only constitutional symptoms and raised inflammatory markers, with a further 15% presenting as pyrexia of unknown origin.\[[@ref64][@ref65]\] At diagnosis, extra-cranial involvement is seen in 45% and importantly can lead to complications including aneurysm formation and dissection.\[[@ref66][@ref67]\] Whilst temporal artery biopsy remains the gold standard, PET can prevent missed diagnosis, document the extent of extra-cranial involvement and provide long-term prognostic information. Polymyalgia rheumatica (PMR) is a chronic inflammatory disorder characterised by subacute onset shoulder and pelvic girdle pain, and early morning stiffness. Diagnosis is based upon a clinical construct and raised inflammatory markers, with concomitant GCA recognised in 16-21% of cases.\[[@ref68]\] Initial studies focussed on the incidence of subclinical large vessel vasculitis in PMR, however the ability of PET to detect articular inflammation has more recently led to recognition of a distinctive pattern of abnormal ^18^F-FDG uptake at the shoulders, hips, interspinous bursae and adjacent to the ischial tuberosities in this condition.

The aims are to:

1)understand the role of PET in the diagnosis and management of large vessel vasculitis2)Appreciate how PET has contributed to our understanding of the pathology of polymyalgia rheumatica3)Learn the imaging phenotype of polymyalgia rheumatica on PET and understand the potential clinical applications of this imaging modality in this condition.

Single Photon Emission Computed Tomography/Computed Tomography in the Painful Knee Replacement

Parthipun

Arum

Royal Free London NHS Foundation Trust, London, UK

The aim of this presentation is to familiarise anyone reporting bone scintigraphy with the basic principles of interpreting SPECT/CT of knee replacements. We will cover some of the technical challenges in acquiring high quality images, including configuration of the CT component of the SPECT/CT. We will learn how to assess component positioning using CT, and how this knowledge will aid interpretation of the bone SPECT findings. Finally, we will review some common complications of knee replacements.

Single Photon Emission Computed Tomography/Computed Tomography in Foot/Ankle Pain

Parthipun

Arum

Royal Free London NHS Foundation Trust, London, UK

The aim of this presentation is to demonstrate how SPECT/CT is invaluable in evaluating patients with pain in the foot or ankle. We will begin with describing how to acquire the best quality images, including CT reconstruction techniques. We will review the relevant anatomy of the foot and ankle, and then we will look at the evidence for SPECT/CT for specific indications and how your reports can be used to assist patient management.

Interesting Cases in Musculoskeletal Single Photon Emission Computed Tomography/Computed Tomography

Siraj

Qaisar

Farwaniya Hospital, Kuwait

Bone SPECT and/or SPECT/CT is the second most frequently performed SPECT examination in routine nuclear medicine. Planar bone scintigraphy may not give enough information for lesion detection or anatomic localization in the evaluation of large and complex bony structures like base of skull, spine, pelvis and hips as well as small bones and joint regions. Hybrid SPECT-CT however allows detection of subtle, nonspecific abnormalities on bone scans and interprets them as specific focal areas of pathology. Both bone and soft-tissue lesions can both be visualized and identified with a high degree of accuracy. The SPECT component of the SPEC/CT increases image contrast and improves lesion detection and localization whereas the CT component of SPECT/CT provides incremental and complementary diagnostic information improving specificity and accuracy of diagnosis but also provides additional diagnoses. Musculoskeletal SPECT/CT provides documented unique diagnostic information in cases of femoral head AVN, in defining the cause of back pain, for differentiating between malignant and benign spinal lesions, in subtle bone trauma, in bone infection, etc. Multimodality fusion imaging increases the specificity of the physiologic modality as well as increasing the sensitivity of the anatomic modality. A number of interesting cases are presented which provide suitable examples of the unique diagnostic role of musculoskeletal SPECT/CT.

Changing Role of Nuclear Medicine in Sports Medicine in the Era of Magnetic Resonance Imaging-Where to Next?

Van Der Wall

Hans

Notre Dame University, Sydney, Australia

Nuclear Medicine is in decline as a modality for imaging sporting injuries as MRI becomes increasingly available and the cost declines. We need to find methods of imaging disease that MRI has no capacity to address. Mechanical dysfunction of the sacroiliac joint (SIJ) is such a disease with the bone scan being accurate and reproducible in imaging the primary cause and secondary manifestations. We have imaged over 3000 cases of mechanical dysfunction of the SIJ by bone scintigraphy with SPECT/CT. All patients fulfilled the clinical guidelines for the diagnosis. Patients demonstrated uptake in the dorsal interosseous ligament (DIOL) of the SIJ which could be quantified. Enthesopathy of the adductor, hamstring, psoas and gluteus medius tendons were apparent with a significant proportion also showing hip impingment. SPECT/CT of bone scintigraphy detected the mechanical dysfunction of the SIJ with a sensitivity and specificity of over 95%\> Uptake in the damaged DIOL had a value of 1 in the ROI analysis. Treatment with directed physiotherapy improved pain in 80%. Proplotherapy or platelet rich plasma injection into the ligament improved a high proportion of the remainder. SIJ mechanical dysfunction accounts for 23-30% of lateralising lower back pain compared to intervertebral disc injury (15%). Clinical diagnosis is complex and requires a high level of expertise and training. SPECT/CT has firm criteria that enables an accurate and reproducible result.

Neuroscience

: Stroke, Vascular Disease and Dementia

Chen

Christopher

National University of Singapore, Singapore

Stroke is a leading cause of death and disability worldwide. Despite remarkable improvements in acute stroke treatment, many patients only make a partial or poor recovery, in terms of cognition as well as other neurological deficits. Although a substantial proportion of patients after non-disabling stroke are cognitively impaired compared to aged and education matched community dwelling controls and remain at an increased risk of incident dementia, it is increasingly apparent that covert stroke is an under-recognised but important cause of cognitive impairment and dementia -- hence it is an important focus of future research.

This review will emphasise that:

a)cerebrovascular disease (CeVD) is highly prevalent in elderly people and make important contributions to cognitive impairment and dementia in later life;b)MRI can be used to demonstrate CeVD burden by use of established and novel imaging markers;c)Many people with dementia have mixed pathology (commonly AD and CeVD) and CeVD can be additive with AD pathology in impairing cognitive function and increasing the likelihood of dementia.

Whilst advances in stroke management, and the recognition of the co-existence of vascular dementia and Alzheimer's disease have opened new prospects for the prevention and treatment of vascular cognitive impairment (VCI) and dementia, we need to improve our understanding of biomarkers and mechanisms so that successful treatment and prevention trials for VCI can be performed.

Magnetic Resonance Imaging in Focal Epilepsy

Fitt

Greg

Austin Health, Melbourne, Victoria, Australia

In patients with intractable focal epilepsy, detection of a surgically resectable epileptogenic lesion has a major impact on patient management. Many epileptogenic lesions are subtle and detection requires high quality epilepsy-directed MRI technique, preferably at 3 Tesla. This includes whole brain volumetric T1-weighted scans and whole brain volumetric FLAIR (FLuid Attenuated Inversion Recovery) or DIR (Double Inversion Recovery) scans. From these volumetric acquisitions, images are reformatted in sagittal plane and tilted coronal and axial plane (perpendicular and parallel to the hippocampi respectively). In some patients, oblique or curved reformatted images are obtained to assess gyral anatomy and pathology. Tilted coronal T2 weighted imaging, axial DWI (Diffusion Weighted Imaging), SWI (Susceptibility Weighted Imaging) are routinely performed. In selected patients, advanced MRI techniques can be helpful including fMRI (functional MRI) to localize eloquent brain regions and to assess brain connectivity and occasionally ictal fMRI. Other advanced MRI techniques such as Diffusion Tensor Imaging, to assess white matter tract disruption, and morphometric MRI analysis, to assess gyral pattern, are being investigated in focal epilepsy and may have a role in clinical diagnosis. Characteristics of common and less common developmental and acquired epileptogenic lesions will be demonstrated. Integrating clinical information and functional imaging data improves detection of subtle MRI lesions.

Appropriate Use of Amyloid Positron Emission Tomography and Imaging Dementia - Evidence for Amyloid Scanning Study

Frey

Kirk

Division of Nuclear Medicine and Molecular Imaging, University of Michigan, Ann Arbor, Michigan, USA

With the recent development and regulatory approvals of several fluorine-18 labeled amyloid tracers, it is now feasible to apply this technology to clinical practice settings. Recent reviews and summaries of the performance, specificity and sensitivity of PET amyloid imaging together with clinic-pathologic comparisons confirms several important caveats in the clinical use of amyloid imaging. All of the approved tracers have undergone pathologic verification in postmortem studies, indicating that "positive" PET scans correspond to the pathologic presence of moderate-to-high brain levels of fibrillary amyloid deposition. However, in clinical research series, this scan appearance is not limited to subjects with dementia or cognitive impairment, and has an age-related prevalence. Longitudinal series indicate that subjects with "positive" amyloid scans are at increased risk for development of cognitive impairment and dementia. It is not yet known, however, that all subjects with positive scans will eventually develop neurodegenerative dementia. Furthermore, "positive" amyloid scans are not diagnostic of Alzheimer disease; they may be seen frequently also in patients with Lewy body dementias. Recognizing these limitations, appropriate use guidelines have been developed, identifying subjects who may diagnostically benefit from PET amyloid scanning. In the USA, the Centers for Medicare & Medicaid Services has determined that prospective information on the impact of amyloid PET imaging on patient management and outcome is required prior to a decision on coverage. The Imaging Dementia - Evidence for Amyloid Scanning (IDEAS) Study is underway to address these issues, and has completed the recruitment and scanning of over 18,000 patients. Preliminary findings will be discussed.

The aims of the presentation are:

To understand incidence and significance of "positive" amyloid imagingTo review SNMMI appropriate use criteria for amyloid imagingUnderstand amyloid imaging characteristics in cognitive disordersReview rationale and aims of the IDEAS study.

Update on Synaptic Neuroimaging: Neuroreceptors and Transporters

Frey

Kirk

Division of Nuclear Medicine and Molecular Imaging, University of Michigan, Ann Arbor, Michigan, USA

Since the introduction of molecular neuroimaging, a variety of imaging targets associated with specific neurochemical aspects of neurotransmission have been identified, and methods developed for their imaging depiction. Current status of available markers for presynaptic and postsynaptic specializations will be reviewed, and examples of research applications provided. Amongst the unique contributions of in vivo neurochemical imaging, the ability to detect endogenous effects of synaptic neurotransmitter levels on the basis of competition with radioligands targeting receptor sites will be discussed. Measures of synaptic density and integrity, on the basis of vesicular neurotransmitter transporter imaging, will be reviewed. Tracers and imaging targets with potential clinical application will be presented.

The aims of the presentation are:

To understand types of neurochemical synaptic molecular imaging targetsAppreciate potential roles of targeted synaptic imagingUnderstand use of receptor imaging for synaptic neurotransmitter level assessmentDescribe current synaptic imaging tracers for clinical evaluations.

Neuroinflammation and New tracers for Neuroscience

Kassiou

Michael

School of Chemistry, University of Sydney, Sydney, Australia

Irrespective of the phenotype, e.g. Alzheimer's disease (AD), Parkinson's disease (PD) or schizophrenia, the most consistent finding in brain diseases is pronounced changes in the functional state of microglia -- the cells responsible for immune defence in the CNS. The translocator protein (TSPO) and the purinergic P2X7 receptor are overexpressed in microglia and are known to modulate their function. Targeting these proteins through the discovery of novel molecules and PET imaging promises to provide a new strategy for treatment of brain disease.

F-18 FP-CIT Positron Emission Tomography in Parkinson's Disease and Atypical Parkinsonism

Seung Kim

Jae

Asan Medical Center, University of Ulsan College of Medicine, Seoul, Republic of Korea

Atypical parkinsonian disorders (APD), such as progressive supranuclear palsy (PSP) and multiple system atrophy (MSA), which account for a significant proportion of parkinsonian cases, exhibit drug resistance and fatal neurodegenerative course. Therefore, it is important to make an accurate diagnosis not only for deciding treatment regimens and assessing prognosis, but also for developing new therapeutic strategies. The use of F-18 FP-CIT PET after marketing approval from the KFDA in 2008 is rapidly increasing in Korea for clinical and research purposes because F-18 FP-CIT PET/CT has several advantages over clinical imaging in terms of spatial resolution, imaging time, patient preparation and attenuation correction compared to other DAT imaging such as DAT SPECT. Subregional analysis of striatal F-18 FP-CIT uptake and dual-phases PET imaging technique are useful for detecting a decrease in striatal DAT in parkinsonian patients and distinguishing APD such as PSP and MSA from Parkinson's disease.

Frontotemporal Dementia-Imaging and Clinical Updates

Loi

Samantha

Department of Psychiatry, The University of Melbourne, Melbourne, Victoria, Australia

Frontotemporal dementia (FTD) is the most common dementia presenting in people aged under 65 years old. Its clinical presentation is different compared to Alzheimer's dementia and can be mistaken for other conditions, such as psychiatric disorders. This talk aims to provide an update of the clinical presentations of FTD and their imaging. A series of case studies will be presented illustrating the different types of FTD (behavioural-variant FTD and the language variants), including their symptoms, relevant investigations and imaging.

Nuclear Medicine Innovation

: New Challenges in Patient-Specific Dosimetry of Therapy Radiopharmaceuticals -- Cons

Haug

Alexander

Medical University of Vienna, Vienna, Austria

Great efforts have been made in the recent years in order to improve dosimetry in radionuclide therapy. These efforts have been translated into clinical routine, subsequently with the need for costly scintigraphic measurements for measuring absorbed doses. In order to justify these efforts the impact of dosimetry on radionuclide therapy has to be evaluated carefully. Dosimetry has to have impact on the clinical management of patients. This impact can be avoiding toxicity by establishing organ-specific thresholds or it can be improving efficacy by establishing dose thresholds for response. A recent study has shown that most centers in Europe do not regularly use dosimetry and even lessuse dosimetry to tailor radionuclide therapy in a personalized way. In radioiodine therapy certain improvements in establishing dose-response and dose-toxicity relationships have been achieved. Nevertheless, most centers still use fixed doses for radioiodine therapy of both benign and malignant thyroid diseases. In PRRT of neuroendocrine tumours great efforts for performing dosimetry have been done. However, thresholds for kidney toxicity have not been identified, which might be due to the low incidence of relevant kidney toxicity of ^177^Lu-DOTATATE therapy. Also, no correlation between hematotoxicity and dose has been identified. In contrast, a first study points towards a dose-response relationship.\[[@ref105]\] For other radionuclide therapies such as ^177^Lu-PSMA or radioembolization also no dose-toxicity and dose-response relationships have been established. Despite great efforts and numerous publications no thresholds for toxicity and response have been established. Dosimetry has almost no impact on daily practice. Either future large studies will increase the level of evidence, or, alternatively, dose-escalations studies (as done by big pharma) will establish maximum tolerable doses neglecting individual differences.

What is "Theranostics" and how will it Change the Role of Nuclear Medicine Physicians in Patient Care?

Hicks

Rodney

Peter MacCallum Cancer Centre, Melbourne, Victoria, Australia

Nuclear medicine was a treatment modality well before the advent of imaging with application of radioisotopes for the treatment of disease. This started shortly after the discovery of radioactivity with widespread adoption of Ra-226, especially for cutaneous malignancies. P-32 was subsequently used by John Hundale Lawrence as one of the first effective therapies for haematological malignancies in the 1930s, while I-131 became and remains the prototypical treatment of thyroid disorders after being first championed by Saul Hertz and Sam Seidlin over 75 years ago. Bone seeking agents like Sr-89 were recognized to deliver palliative benefit in advanced prostate cancer by Charles Pecher in the 1940s and paved the way for later agents including Sm-153 EDTMP and Ra-223. Initially confirmation of localization of activity in presumed sites of disease involved use of external counting devices but this changed with the advent of the rectilinear scanner, which enabled imaging. Nevertheless, the early history of nuclear medicine remained dominated by physicians with an interest in internal medicine. The development of the gamma camera and subsequent evolution tomographic imaging with SPECT and PET, further enabled by hybrid CT or MRI devices, led to the diagnostic use of isotopes becoming the dominant aspect of nuclear medicine practice with gradual erosion of the involvement of nuclear medicine specialists in direct patient care and a shift towards involvement of radiologists in service provision. Against this trend there has been renewed awareness the ability of radiotracers to identify potential therapeutic targets and to use this information to select patients for, and to monitor the efficacy of targeted therapies using radioisotopes. This process has been termed "theranostics". A significant factor in the rebirth of therapeutic nuclear medicine has been the development of peptides labelled with Ga-68 and Lu-177. Ga-68 DOTA-octreotate PET/CT and Lu-177 DOTA-octreotate peptide receptor radionuclide therapy (PRRT) provides the modern prototype of the theranostic paradigm. Experience with PRRT has, however, emphasized the need for a more rigorous scientific approach to radionuclide therapy and a re-emerging need for engagement of nuclear medicine physicians in multi-disciplinary care of patients with responsibility for recognizing the impact of co-morbidities in treatment outcomes and a responsibility for recognising and preventing or managing, as appropriate, complications of radionuclide therapy. The future holds promise of wide range of therapeutic options based on diagnostic/therapeutic pairs including I-124/I-131, Cu-64/Cu-67, Sc-43/Sc-47 as well as possible use of alpha-emitting radionuclides like Bi0213 and Ac-225. Quantitative SPECT/CT and PET/CT will be key platform technologies for planning and monitoring such therapy and will realise the true promise of molecular imaging in characterising rather than just finding disease. The nuclear medicine physician of the 21st century should become the true embodiment of the principles of precision medicine.

What is Radiomics+? Prediction Models based on Convergent Data

Leimgruber

Antoine

Department of Medical Imaging, Hospital Riviera Chablais, Rennaz, Veyvey Providence, Switzerland

This presentation will:

Address advances in "predictive analytics", that is post-acquisition data analysis and prediction model generation for efficient, accurate and personalized patient management.Appreciate current endeavours to move beyond radiology-based radiomics to a "radiomics+" model that includes molecular and other, non-genetic biomarker information. Medical Imaging generates a large amount of data commonly assessed visually using scientific evidence and expert knowledge combined with a level of clinical patient-specific information. In parallel to that, quantitative methods have been developed in today's multiple modalities environment, providing morphologic, functional and biological information. Recent advances in data mining of quantitative image features from multi-modality medical imaging data together with powerful image analytic tools have lead to what is known today as "radiomics". Naturally, radiomics analytic techniques have been welcomed with both enthusiasm and scepticism. The process used in radiomics involves the identification of vast arrays of quantitative parameters within digital images. Storage of such data in structured databases can then be used for data mining to aim at the extraction of specific features that have the differentiating power to detect and stratify each individual profile and expression of a given disease. The major challenge is to integrate radiomics data with clinical, pathological, and genomic information to decode the different types of tissue biology and specificities of the disease with a patient. Among examples, many currently available radiomics studies focus on lung cancer for which the current state of the art is evolving and requires a closer look. These new paradigms in data analysis extend however beyond radiology-based radiomics to "radiomics+" that includes genetic and other, non-genetic molecular biomarker information providing efficient, accurate and personalised patient management. Imaging is indeed not the only field roaming the uncharted territory of large medical datasets. Pathology, liquid biopsy techniques or genetic analyses all provide an increasing number of molecular biomarkers. Oncology is the large port of entry of this trend given the need to tailor an increasingly diverse array of targeted therapies to the specificities of each patient and the history of each cancer within each individual. Many institutions are in the process of developing analytic personalised oncology programs (APOs). Through this prism and early local and wider APO experience, this talk will endeavour to give credit to both the traditional expert visual assessment and the radiomics approach and analyse the challenges ahead. Radiomics and imaging genomics are still in a very early stage and while several promising results have been shown, many technical issues have to find solutions and extensive clinical validation studies are ahead. However, radiomics will play a significant role of performing image genotyping and phenotyping to ensure a privileged position of medical imaging in precision medicine. The combination with other genetic and non-genetic biomarkers in what we refer to as "radiomics+" is certainly the next big step in the development of personalised medicine.

Sharing is Caring: On the need of Open Research Data

Ratib

Osman

University of Geneva, Geneva, Switzerland

The rapid developments of social networks and of cloud-based data storage services have radically changed the way we deal with communication and data management in our daily life. Regarding medical data, such open sharing services face some restrictions and raise ethical and confidentiality issues as well as legal issues regarding the use of these data for research and education. Off-site storage of medical images is not new; several vendors have offered such services for decades already as part of their commercial solutions. What has really changed these recent years is the emergence of such services for the wide public offering very attractive solutions at a very low cost. In medical applications however, such systems must comply with strict regulations and guidelines geared toward protecting patient confidentiality and data security. Medical imaging is becoming a major component of the data required in every medical decision in diagnostic, assessment of treatment response, follow-up of disease recurrence but also in support for surgery. The wealth of data acquired in clinical routine these days is overwhelming and has not been apprehended yet. The rapid evolution of machine learning and deep data-mining tools can potentially open the road to new generation of "radiomics" tools. The main limiting factor of the development of these new analysis techniques is the lack of sufficiently large sets of structured and well-documented imaging data. There is also major difficulties in the ability to collect these large sets of imaging data primarily because the overwhelming regulatory constraints and data protection rules that prevent the usage and exploitation of existing imaging data without formal patient approval. Our presentation will focus on the specific issue of gathering and collecting medical images for the development of large Big-Data repositories for scientific research and review existing initiatives for addressing all the limiting factors that prevent their wide development today.

The Next Stage in Data Processing: The Future of Quantitative Spect in Clinical Nuclear Medicine

Willowson

Kathy

Department of Nuclear Medicine, Royal North Shore Hospital, St Leonards, Sydney, Australia

Quantitative SPECT has recently moved from the domain of in-house application to vendor supported production. The ability to perform quantitative SPECT and its role in clinical nuclear medicine is expanding, leading to potential impact on clinical management and standard imaging protocols. This presentation aims to summarise the essential processes involved in quantification of SPECT data and how these are managed by current SPECT hardware and software technology. Future trends in data processing as well as image analysis techniques specific to quantitative assessment will be discussed. An overview of the expected impact that standardisation of quantitative SPECT will have on clinical nuclear medicine will be discussed, including examples of existing quantitative applications and their known issues, speculation on future applications, and the impact it may have impact on clinical work flow and patient management. Quantitative SPECT has a bright future in nuclear medicine, particularly in light of the current trend toward targeted radionuclide therapy and patient specific dosimetry and management. It is likely that in the near future the addition of SPECT quantification will impact on standard clinical nuclear medicine practice and play a positive role in expanding our ability to both diagnose and treat disease.

Medico-Economics of New Targeted Personalized Therapeutics

Zimmermann

Richard

Chrysalium Consulting, Lalaye, France

Nuclear medicine industry is now fully mature and able to answer to (almost) any technical and regulatory needs and constraints. The few remaining gaps will be presented. Over the past fifty years a kind of natural selection has driven the market to specific medical targets. However, alike any other pharmaceutical business, the future of nuclear medicine will be motivated by economics rather than science: radionuclides, radiopharmaceuticals and technologies with the highest chances of success will be discussed. The development of new radiopharmaceuticals will be limited by access to radionuclides, sizes of production networks, implementation of reliable logistics and potential reimbursement. Conventional pharmaceutical industry has now recognized the interest in radiopharmaceuticals in particular through personalized/precision medicine. Impacts on research topics (stronger selection) and development programs (higher budget) will lead to drastic changes in the very near future that will be highlighted. As a consequence, the overall value of the nuclear medicine segment will dramatically increase, impacting also the future role of researchers and physicians. These changes depending upon local regulation will be addressed as well.

Oncology

: Colorectal Carcinoma: Treat with the Experts-Regional treatment with

90

Y-SIRspheres

Bernard

Elizabeth

Department of Nuclear Medicine, Royal North Shore Hospital, St Leonards, Sydney, Australia

SIRT (Selective Internal Radiation therapy) for liver dominant colorectal carcinoma hepatic metastatic (mCRC) disease is safe and effective when SIR-Spheres are delivered with a multi-disciplinary team approach to treatment planning:

-with the right intent

-to the right location

-in the right dose for the individual patient

Achieving this is dependant an individualised approach to each patient, with a combination of careful clinical and imaging workup. This session will aim to illustrate the steps on the treatment pathway in patients with hepatic metastatic disease from colorectal cancer, including the following:

-Clinical assessment

-Imaging work up

-MDT review-Radiology and Nuclear Medicine

-Treatment planning and dose prescription

-Post-therapy Y90 PET/CT

-Follow up imaging for assessment of treatment response

Several case examples will demonstrate this treatment process in mCRC and our experience at Royal North Shore Hospital will be described.

A Clinical Overview of Neuroendocrine Tumours

Chan

David

Royal North Shore Hospital, St Leonards, Sydney, Australia

Outline: Neuroendocrine tumours (NETs) are a group of uncommon, heterogeneous neoplasms. They exhibit a wide range of biological behaviour and treatment varies considerably depending on the primary site and grade of the tumour. This talk aims to provide a clinical overview of NETs, including the epidemiology and classification of neuroendocrine tumours. The place of multidisciplinary management and systemic therapy options are also discussed to give context to the subsequent presentations regarding NET nuclear medicine in this session.

Positron Emission Tomography in Neuro-oncology

Francis

Roslyn

Department of Nuclear Medicine and WA PET Service, Sir Charles Gairdner Hospital, University of Western Australia, Perth, Australia

Glioma is the most common primary brain tumour, and is associated with significant morbidity and poor overall survival. Imaging has a key role in the management of primary brain tumours in assisting diagnosis, treatment planning, monitoring treatment response and detection of disease recurrence. MRI has been the mainstay of imaging in primary brain tumours however there are challenges, particularly in the post therapy setting. Metabolic imaging with FDG PET showed initial promise but there are limitations from high background brain activity. Recently there has been increasing evidence for the utility of amino acid PET tracers in glioma, in particular in identifying extent of disease and in assessment of disease recurrence. The potential role of amino acid PET imaging in glioma will be explored and areas of future research and development will be discussed.

Sentinel Lymphoscintigraphy in Breast Carcinoma

Giammarile

Francesco

Nuclear Medicine and Diagnostic Imaging Section, IAEA, Vienna, Austria

Breast cancer is the most frequent cancer diagnosed in women worldwide. Accurate lymph node (LN) staging is essential for both prognosis (of early-stage disease) and treatment (for regional control of disease) in patients with breast cancer. Sentinel lymph nodes (SLNs) are the regional nodes that directly drain lymph from the primary tumour, thus, the first nodes to potentially receive the seeding lymph-borne metastatic cells. SLN mapping and biopsy have become routine techniques in breast cancer management, contributing to development of less invasive surgical procedures. No imaging modality is accurate enough to detect lymph node metastases when a primary breast cancer is at an early stage (I or II), but SLN biopsy is a highly reliable method for screening axillary nodes and for identifying metastatic and micrometastatic disease in regional lymphatic nodes. The accurate harvesting of a sentinel node in breast cancer includes a sequence of procedures with components from different medical specialities, including nuclear medicine, radiology, surgical oncology, and pathology. Despite the widespread application of SLN biopsy for early-stage breast cancer, there is significant variation in performance characteristics reported for such procedures. Controversies exist with regard to the particle size of the radiotracer, the optimal route for injection, timing and type of scintigraphy and intraoperative detection, and whether or not extra-axillary LNs should be considered for harvesting and analysis. The specific radiotracer and technique used are additionally guided by local availabilities, regulations, and practices. The range of rates for false-negative findings and for SLN identifications emphasize the variability of this procedure. Learning curves for this technical procedure also vary. Nevertheless, once a multidisciplinary team is experienced with the procedure, reasonable levels of accuracy are achieved, with identification rates of more than 95% reported routinely.

Molecular Imaging of Response in Cancer Patients

Hicks

Rodney

Peter MacCallum Cancer Centre, Melbourne, Victoria, Australia

To the existing pillars of therapeutic oncology, immunotherapy has become the latest addition. Despite relatively low response rates in all but a handful of malignancies, it has gained huge public attention because of sometimes remarkable responses in patients who have failed all other available therapies and particularly because some of these patients appeared to be cured. These "Lazarus" examples have created a rhetoric that immunotherapy is a miracle cure and have fast-tracked approval of therapies in a widening spectrum of indications, including the possibility of its adjuvant use in high-risk malignancies. The use of immunotherapy comes, however, at significant cost, not only related to the agents themselves but also because they induce a wide array of immune-related toxicities that can themselves be extremely expensive to manage. Identification of non-responders early during treatment could minimize the financial and health impact of ineffective therapy while early recognition of immune-related toxicity could preempt serious and sometimes life-threatening complications. Conventional imaging with CT and MRI has been recognized to be suboptimal for early response assessment with attempts to adapt criteria to compensate for these failings. The role of molecular imaging, particularly the use of FDG PET/CT has recently come into focus but is similarly challenged by the unique nature of the mechanism of response to immunotherapy. For nuclear medicine specialists, it is important to understand that the two broad classes of immunotherapy, anti-CTLA4 and Anti-PD-1/PDL-1 agents, have different mechanisms of action with the former acting primarily on the afferent limb of immune response to expand and recruit immune cells to tumour, whereas the latter enhance immune-cell killing by diminishing immune checkpoints. Accordingly, the former can lead to a transient increase in metabolic activity, sometimes referred to as pseudoprogression, whereas the latter generally leads to a reduction in activity if tumour cells are being cleared. Similarly, immune-related complications of therapy are manifold and more common with anti-CTLA4 agents than with anti-PD-1/PDL-1 agents. The increasing use of these classes of immunotherapy further complicates matters. Nevertheless, there are patterns of abnormality that can differentiate pseudoprogression from true progression on FDG PET/CT and that are also characteristic of immune complications and that make this technique a useful adjunct to therapeutic response assessment. Novel agents are emerging that may further enhance the role of molecular imaging not only in monitoring response but also potentially in selecting patients for treatment with these agents.

The role of Positron Emission Tomography Imaging in Neuroendocrine Tumours

Kong

Grace

Peter MacCallum Cancer Centre, Melbourne, Victoria, Australia

Somatostatin receptor (SSTR) imaging provides assessment of somatostatin receptor status of neuroendocrine tumours (NETs), which is highly expressed in majority of NETs. SSTR imaging plays an important role in tumour staging, preoperative imaging and restaging, for which ^68^Ga-DOTA-somatostatin analog PET/CT is becoming increasingly available as a superior diagnostic technique compared to SSTR scintigraphy. SSTR imaging is also used to determine suitability for peptide receptor radionuclide therapy (PRRT) based on the degree of radiotracer uptake in the tumour. The role of ^18^FDG PET/CT is to characterise disease phenotype, and provides useful assessment for high Grade 2 or Grade 3 NETs which generally have higher glucose metabolism, and additionally provides prognostic information. In this session, the aims are to provide an overview of the rationale and evidence of ^68^Ga-DOTA-somatostatin analog PET/CT and ^18^FDG PET/CT in patients with NETs, including their role in assisting with theranostics or treatment planning.

Educational objectives:

To describe normal patterns, pearls and pitfalls in interpretation of ^68^Ga-DOTATATE PET/CTTo discuss the clinical diagnostic utility of PET imaging in neuroendocrine tumoursThe role of PET imaging in theranostics/treatment planning.

C-11 Acetate and F-18 Fluoro-2-Deoxyglucose Positron Emission Tomography/Computed Tomography for Hepatocellular Carcinoma Research

Young Kwon

Seong

Hwasun Hospital, Chonnam National University, Gwangju, Republic of Korea

There have been many studies to evaluate clinical values of F-18 FDG and C-11 acetate PET/CT in patients with hepatocellular carcinoma (HCC). In this session, I will review the prognostic value of F-18 FDG PET/CT in patients with HCC based on retrospective multicenter studies supported by the Clinical Trial Network Program of the Korean Society of Nuclear Medicine. In addition, diagnostic performance of two tracers was compared according to metastatic sites in the aspect of tumour microenvironment.

F18-Fluoro-2-Deoxyglucose Positron Emission Tomography/Computed Tomography in Lung Cancer

Lau

Eddie
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3
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5

Department of Molecular Imaging and Therapy, Austin Health, Melbourne, Victoria, Australia

Cancer Imaging, Peter MacCallum Cancer Centre, Melbourne, Victoria, Australia

Department of Radiology, Melbourne, Victoria, Australia

Sir Peter MacCallum Department of Oncology, University of Melbourne, Melbourne, Victoria, Australia

Department of Radiology, Austin Health, Melbourne, Victoria, Australia

This presentation will primarily discuss the roles of Hybrid Positron Emission Tomography/Computed Tomography (PET/CT) with F18-fluoro-2-deoxyglucose (FDG) in the evaluation of pulmonary nodules and staging of non-small cell Lung Cancer (NSCLC), as well as touching on the values of FDG PET in prognostic stratification, biopsy guidance, treatment planning and therapeutic monitoring of NSCLC. The key advantages of FDG PET/CT in the assessment of pulmonary nodules and staging of NSCLC will be discussed, as well as the limitations of FDG PET/CT in this clinical setting. A selected case series of FDG PET/CT will be presented to illustrate the potential interpretative pitfalls of FDG PET/CT in the assessment of suspected or proven lung cancer. Staging by FDG PET/CT is critical in determining operability and treatment selection in NSCLC. It is also useful in the planning of biopsy and treatment delivery especially in radiotherapy, as well as providing information in therapeutic monitoring following chemo-radiation and patient prognosis. There are however limitations and pitfalls that need to be recognised to avoid mis-interpretation.

Positron Emission Tomography/Computed Tomography and Positron Emission Tomography/Magnetic Resonance Imaging in Gynaecological Carcinoma

Loft

Annika

Department of Clinical Physiology, Nuclear Medicine and PET, Copenhagen University Hospital, Copenhagen, Denmark

The impact of FDG PET/CT in Oncology has been increasing through the past many years. The method is valuable also for malignant gynecological diseases for initial diagnostic purposes, staging and treatment decision making. The major drawback of FDG is it being non-specific in the sense of detecting malignancy. In spite of this, the high sensitivities and often relative high specificities of FDG PET/CT makes this imaging method a very valuable tool. For cervical cancer, FDG PET/CT has its' impact in the staging procedure as a supplement to the clinical FIGO staging due to the possibility of detecting para-aortal lymph node metastases as well as distant metastatic disease and assisting the oncologists when planning radiotherapy for these patients. In patients with a pelvic mass, FDG PET/CT is increasingly used for diagnostic purposes with high sensitivity and specificity in detecting ovarian cancer. In the same procedure it is possible to assess the spread of disease which is mandatory to acknowledge before deciding whether the patient should be offered surgery or neo-adjuvant chemotherapy. PET/MRI is the new kid on the block and the possibilities for increasing knowledge for gynecological malignancies with this method should be exploited.

The Contribution of Molecular Imaging to Radiotherapy Planning in Head and Neck Cancer

McKay

Michael

Department of Radiation Oncology, Austin Health, Melbourne, Victoria, Australia

Modern radiotherapy (RT) is becoming increasingly conformal, that is, conforming to the three-dimensional shape of RT tumour target volumes. This necessarily involves sharp dose falloffs between the target and surrounding non-target normal tissues, with a requirement for the clearest possible tumour delineation. PET/CT metabolic imaging has a key and evolving role in such target volume selection and delineation. Here we summarise the present and evolving status of PET/CT in the radiotherapy planning of squamous cell cancers the head and neck. For cancers of the head and neck, PET/CT is complimentary to structural imaging modalities not only in delineating primary tumours but also often reveals previously undiagnosed regional nodal disease. At some head and neck subsites, PET/CT is confirmed to enable target size reduction compared to structural imaging alone, with enhanced normal tissue sparing and potentially allowing dose escalation (reviewed in 1,2). These contributions often dramatically affect RT treatment strategies. However, there are some limitations to the use of FDG-PET in RT planning, including its relatively poor spatial resolution and partial voluming effects for small tumours. For cancer of the head and neck RT planning, there is an established role for a contribution from FDG-PET/CT metabolic imaging, as well as exciting new applications for the use of non-FDG metabolic markers.

Clinical Utility of F18-Fluoro-2-Deoxyglucose Positron Emission Tomography/Computed Tomography in Gastric Cancer

Nakamoto

Yuji

Kyoto University, Kyoto, Japan

Gastric cancer is the fifth most common cancer (951,000 cases) and the third leading cause of cancer-related death (723,000 deaths) worldwide in 2012. The overall incidence is decreasing over the last several decades; however gastric cancer is still one of the major malignant neoplasms that can be fatal. Clinical utility of PET/CT using ^18^F-fluorodeoxyglucose is reviewed. There is a clear geographical variation in incidence, which is the highest in eastern Asia. Risk factors for gastric cancer include Helicobacter pylori infection, smoking, alcohol, and excess dietary salt. According to Lauren histological classification, there are two main subtypes; intestinal type and diffuse type, characterized by the presence or absence of intercellular adhesion molecules, respectively. Complete surgical resection is considered the only curative treatment; thus early diagnosis is important to improve the prognosis. The primary method to detect and diagnose gastric cancer is endoscopy, and generally CT is used for the evaluation of metastasis. For gastric cancer, no clear benefits of FDG-PET have been identified in the detection of gastric cancer, because sensitivity is quite low due to several factors, e.g. small lesion, histological non-avidity, physical uptake of gastric wall. However, some investigators indicate that PET can improve the detection of metastatic disease, and the use of PET for the detection of occult metastasis is suggested in several clinical guidelines (National Comprehensive Cancer Network and the European Society for Medical Oncology). In post-operative restaging, PET/CT is occasionally useful, as it is recognized in other malignancies. FDG-PET/CT can be applicable and helpful for detecting unexpected metastases and/or inconclusive recurrence in patients with gastric cancer.

Radioimmunotherapy of Lymphoma: Past, Present and Future

Wahl

Richard

Washington University School of Medicine, Mallinckrodt Institute of Radiology, St Louis, Missouri, USA

This lecture will:

a)Review clinical experience with treatment of NHL and HD with radioimmunotherapy at non-myeloablative doses as a salvage, consolidation, and as initial primary treatment;b)Review clinical experience with dosimetry-driven (planar and SPECT) RIT at myeloablative doses for recurrent disease;c)Examine the potential roles of next generation radioimmunotherapies with fully human antibodies and alternative radioisotopes;d)Highlight new follow-up data in NHL patients treated with RIT

Radioimmunotherapy with Anti CD-20 has shown excellent anti-tumour activity in several settings including in the initial treatment, consolidation and recurrent tumour settings. Newer antibodies may allow more innovative therapy approaches including with alpha emitters and alternative beta emitters.

Paediatrics

: Glomerular Filtration Rate Measurement in Children

Brink

Anita

Department of Paediatrics, Division of Nuclear Medicine, Red Cross War Memorial Children's Hospital, University of Cape Town, Cape Town, South Africa

Glomerular filtration rate (GFR) measurement is essential to evaluate renal function in children with renal disease as well as children who receive nephrotoxic medication. The use of Inulin as a tracer to measure GFR is considered the "gold-standard". This test is technically demanding and the tracer is not readily available and as such; is rarely performed in clinical practice. Radionuclide GFRs using ^51^Chromium-ethylenediamine tetraacetic acid (EDTA) or ^99m^Tc diethylenetriaminepentaacetic acid (DTPA) is used for the measurement of GFR in routine clinical practice. The test is valid in patients down to a GFR of 15ml/min/1.73m^2^. The accuracy and reproducibility of the two sample radionuclide GFR depends on careful attention to technique during the test as well as meticulous quality control of the results obtained. This presentation will focus on a practical everyday approach to performing two sample radionuclide GFR measurements. Special attention will be given to the required quality control steps. The difference in accuracy between measurement of GFRs with the two sample method, one sample method, camera based methods as well as creatinine based nomograms will be illustrated.

Nononcology Uses of Paediatric Positron Emission Tomography/Magnetic Resonance Imaging-Epilepsy and Infection

Francis

Peter

Department of Medical Imaging, The Royal Children's Hospital, Melbourne, Victoria, Australia

The Royal Children's Hospital Melbourne commenced its PET/MRI service in March 2016. Since this time over 700 paediatric PET/MRI studies have been performed. Greater than 35% of these have been for pre-surgical epilepsy workup and infection/inflammation imaging. We present our experience with these groups to date. We will discuss our imaging protocols, workflow and limitations of our service as well as using clinical cases and imaging findings from our data base to demonstrate outcomes. Greater than 180 PET/MRI epilepsy studies have been performed with a smaller fraction of infection/inflammation studies. The results of this cohort will be presented. The introduction of the PET/MRI service at the Royal Children's Hospital has allowed greater diagnostic certainty in the pre-surgical workup of paediatric epilepsy patients and allows a more streamlined approach to the imaging of the difficult febrile patient.

Positron Emission Tomography/Computed Tomography in the Evaluation of Uncommon and Rare Paediatric Malignancies

Howman-Giles

Robert
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3

The Children's Hospital at Westmead, Sydney, Australia

Discipline of Child and Adolescent Health, Sydney, Australia

Discipline of Medical Imaging Sydney Medical School, University of Sydney, Sydney, Australia

This presentation will review the application of PET/CT in solid tumours in childhood and adolescence excluding the common malignancies i.e. lymphoma and sarcoma. FDG PET/CT has been shown to play a significant role in the management of these malignancies but there is very little data on the applications in uncommon and rare malignancies in the paediatric and adolescent age groups. In some paediatric common malignancies FDG PET/CT does not play a major role but in certain clinical circumstances PET/CT may have a place (e.g. neuroblastoma and Wilms' tumour). The basic principle of increased metabolic activity in malignant cells due to up-regulation of glucose transporters also applies in other types of paediatric malignancies. In these uncommon malignancies PET/CT has a major role in the initial staging of malignancy, assessment of response, end of treatment staging and surveillance. Specific malignancies in childhood and adolescence will be discussed including neuroblastoma and neuro-endocrine tumours, Langerhan's cell histiocytosis, undifferentiated and unclassified tumours, renal, hepatic malignancies, germ cell tumours and carcinomas. Also, theranostic applications with MIBG therapy and more recently somatostatin agents for diagnostic PET CT imaging with Ga68 DOTATATE followed by LUTATE therapy will be discussed. FDG PET/CT has an important role in the management of many malignancies in childhood and adolescence. Even though there is sparse literature in many of the uncommon and rare paediatric malignancies, the same applications of PET/CT still applies i.e improved staging, assessment of therapy response, detection of residual malignancy and metastatic disease, end of therapy staging and surveillance.

Positron Emission Tomography/Computed Tomography and Positron Emission Tomography/Magnetic Resonance Imaging in the Management of Paediatric Sarcomas

Lopci

Egesta

Humanitas Clinical and Research Hospital, Milan, Italy

Sarcomas comprise a very heterogeneous group of malignant tumours of mesenchymal origin potentially interesting any part of the human body. Bone localizations represent approximately 20% of the cases and comprise prevalently Osteosarcoma and Ewing's sarcoma. The current gold standard in tumour detection and local staging of sarcomas is represented by gadolinium enhanced magnetic resonance imaging (MRI). This modality when used in oncologic therapy monitoring and follow-up after treatment remains however challenging. In particular, MRI may not be able to differentiate between residual or recurrent tumour from post-operative or treatment-induced changes. Besides conventional imaging modalities, metabolic imaging with FDG PET/CT has gained increasing importance over the last years for disease staging, restaging and treatment response assessment. This is reflected on the clinical guidelines recommending the use of the modality in the routine assessment of bone sarcomas. Nevertheless, the consolidation of the principal clinical applications requires further evidence and dedicated multicentric trials. Following the success of hybrid imaging with PET/CT, there is increasing interest in the development of integrated PET/MRI systems, combining the highly sensitive molecular imaging capability of PET with the excellent anatomical details, soft-tissue contrast, and functional information of MRI. Scientific and clinical advantages of fully integrated PET/MRI tomographs comprise also the significant reduction of radiation exposure which is of particular relevance in paediatric applications. By combining the two imaging modalities, PET/MRI can be expected to have a higher accuracy than currently available imaging procedures. This advantage is most valuable in particular in sarcomas, where the new device can provide a more accurate TNM-stage, optimize sarcoma management and give a more precise therapy response assessment. The aim of this presentation is to provide a resume on the most relevant applications of PET/CT and PET/MRI in the current clinical context and a glance over future perspectives in bone sarcoma assessment.

Positron Emission Tomography/Magnetic Resonance Imaging of Paediatric Lymphoma

States

Lisa

The Children's Hospital of Philadelphia, Philadelphia, Pennsylvania, USA

This presentation will review the utility of PET/MR in the management of paediatric lymphoma. Hodgkin lymphoma and non-Hodgkin lymphoma combined are the third most common cancer in children after brain tumours and leukemia. Molecular Imaging with ^18^F-FDG PET has become the preferred imaging tool for staging, treatment planning, response to therapy and restaging. Compared with conventional imaging FDG PET has a higher sensitivity for detection of nodal disease and bone marrow metastases. Initial publications have shown PET/MR to be equivalent to PET/CT in the detection of disease. PET/MR has the obvious advantage of decreasing dose and theoretically decreasing second malignancy. A drawback of PET/MR is long acquisition time. This presentation will focus on protocol options for PET/MR and ongoing research to optimize clinical use in the paediatric patient. Diffusion weighted imaging and intravenous contrast will be discussed.

I-131 Therapy in Benign Thyroid Disease -- Paediatric Experience

Kit Wong

Ka

University of Michigan, Ann Arbor, Michigan, USA

Paediatric hyperthyroidism is a rare but potentially serious condition, with greater than 95% of cases due to Graves' disease. If unrecognized it can have a wide range of complications and affect the child's growth and impact school performance. Radioactive iodine therapy (RAIT) is a definitive treatment, as an alternative to surgery, when anti-thyroid medications are ineffective or have intolerable side effects. The use of radioiodine I-131 for treatment of hyperthyroidism has a long history and safety track record, although there are understandable parental concerns regarding radiation exposure in children whom have increased radiation sensitivity and long life expectancy. The longest follow-up of paediatric patients receiving RAIT do not show evidence for secondary cancers. Nonetheless, it is important to have a goal of hypothyroidism and to promptly establish euthyroidism with thyroid hormone replacement, avoiding undertreatment or repeated treatments. It is prudent to avoid RAIT in very young patients less than 5 years of age. Empiric or calculated activity doses of I-131 can be used, although estimations of thyroid size can be challenging in children. Activity doses of at least 5.55 MBq (0.150 mCi) per gram of thyroid tissue should be used. Parents should be counselled on goals of treatment, radiation safety precautions, expected clinical course, possible adverse effects, and alternative treatments. Beta-blockers should be used liberally during the treatment. The treating physician should be aware of pitfalls including thyroid eye disease, thyroid storm, and radiation induced thyroiditis. Lingual thyroid is a rare congenital abnormality presenting with hypothyroidism in neonates and infants that is usually adequately treated with thyroid hormone replacement. Rarely, obstructive symptoms may develop in childhood causing difficulties with swallowing or breathing. We have used RAIT successfully to ablate lingual thyroid to relieve symptoms as an alternative to surgery. SPECT/CT can assist planning of these treatments.

Physics

: Physics Quantitation: Standardization of Molecular Imaging Data in Clinical Trials

Kinahan

Paul

University of Washington, Seattle, Washington, USA

The ability to assay tumour biologic features and the impact of drugs on tumour biology is fundamental to drug development. Clinical trials that test the safety and therapeutic benefit of promising treatments are essential in translating new knowledge into tangible benefits for patients with cancer. In translating new drugs into clinical trials and clinical practice, these same assays serve to identify patients most likely to benefit from specific anticancer treatments. Advances in quantitative molecular imaging, particularly positron emission tomography (PET) imaging, have enabled quantitative non-invasive molecular assays. Molecular imaging can be considered an in vivo assay technique, capable of measuring regional tumour biology without perturbing it. The successful use of quantitative imaging biomarkers requires a clear understanding pf the sources of bias and variance, standards, and appropriate use guidelines. These efforts have been facilitated by multiple initiatives, including the SNMMI, EANM, RSNA, QIBA, NIST and others. Combined efforts in these areas makes molecular imaging a unique tool for cancer drug development, complementary to traditional assay methods, and a potentially powerful method for guiding targeted therapy in clinical trials and clinical practice.

**Disclosure of interest:** P Kinahan Conflict with: PET/X LLC, Conflict with: GE Healthcare.

Effectively Communicating Radiation Risks: The Toughest Task

D Royal

Henry

Mallinckrodt Institute of Radiology, St Louis, Missouri, USA

Even though radiation risks are well known and the radiation risk from diagnostic studies is small, communicating these risks fairly and objectively is very difficult. The linear no threshold hypothesis (LNTH) used for radiation protection purposes is controversial because it leads to misleading statements such as there is no safe level of radiation. The pros and cons of the use of the LNTH will be discussed. A major problem with the communication of risks is that many think that the acceptability of a risk should be related to its magnitude. In fact, other factors are extremely important in determining if a risk is acceptable. These other factors include whether the risk is voluntary, whether it is necessary and whether the person(s) being exposed to the risk is is the same person(s) receiving the benefits. The public can only optimize the use of limited resources to promote general health if these resources are utilized wisely in a way that accounts for the magnitude of the risks and the effectiveness of measures to decrease the risk.

Digital Positron Emission Tomography and improvements in Time-of-Flight Positron Emission Tomography

Surti

Suleman

University of Pennsylvania, Philadelphia, Pennsylvania, USA

Time-of-Flight (TOF) PET imaging technology was commercially introduced for clinical PET/CT systems in 2006 and has led to significant enhancements in image quality. The improved performance was enabled by technological advancements both in hardware design and software algorithms and has led to both shorter clinical imaging times and improved quantitative images. The talk will be divided into three major sections. First, a review of the principles of TOF PET imaging with a focus on instrumentation, ranging from hardware design to software algorithms. Second, a presentation of data to demonstrate the impact of TOF PET on clinical imaging and examples of new clinical applications that can benefit from utilizing improved TOF performance. Finally, a discussion of the technology that is advancing the hardware design of TOF PET systems, and how these developments have the potential for further improvements in imaging performance. This will include a description of the latest state-of-art digital PET systems that are being introduced by the major vendors.

Quantitative Single Photon Emission Computed Tomography: State of the Art and Current Issues

Willowson

Kathy

Department of Nuclear Medicine, Royal North Shore Hospital, St Leonards, Sydney, Australia

The acceptance of quantitative SPECT as mainstream vendor-supplied technology has large implications for not only clinical applications, yet also the role of medical physics. This presentation aims to review the essential components of the quantitative algorithm and the current state of the art quantitative ability, as well as the role of both software and hardware developments in SPECT. An overview of acceptable quantitative SPECT validation techniques will be given, including recommendations for incorporation into a standard QC programme. Current issues relating to quantitative acquisition and analysis will be discussed, including possible workarounds and suggestions of analysis techniques. Both current and future applications of quantitative SPECT will be summarised, including potential clinical impact and speculation on further development and incorporation into clinical practice. The time of quantitative SPECT in standard clinical nuclear medicine has arrived. This opens up exciting opportunities for advanced image analysis techniques that may impact on patient management. It is vital that the physicist has a sound understanding of the components of the quantification algorithm and associated issues to ensure correct and effective use and management of quantitative SPECT.

Tetrahedral-Mesh Counterparts of International Commission on Radiological Protection Reference Computational Phantoms

Yeom

Yeon Soo
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Hanyang University, Seoul, Republic of Korea

National Cancer Institute, Rockville, Maryland, USA

This talk is to introduce the new adult male and female mesh-type reference computational phantoms (MRCPs) recently developed in the International Commission on Radiological Protection (ICRP), generally discussing their advantages over the current voxel-type reference computational phantoms (VRCPs).\[[@ref155]\] The MRCPs were constructed by converting the VRCPs to a high-quality tetrahedral-mesh format and addressing the limitations of the VRCPs mostly due to their limited voxel resolutions. The MRCPs were implemented in Monte Carlo codes (i.e., Geant4, MCNP6, and PHITS) to investigate computation speed and memory usage. In addition, dose coefficients (DCs) of the MRCPs for some external and internal exposures were calculated and compared with the current reference DCs produced with the VRCPs and supplemental stylized phantoms.\[[@ref156][@ref157]\] Furthermore, the MRCPs, using their high deformability over the VRCPs, were transformed to phantoms in different statures or postures, which were then used to calculate DCs for industrial radiography sources near the body. The MRCPs include all the target and source regions needed for effective dose calculations, even micron-scale regions of the respiratory and alimentary tract organs, urinary bladder, skin, and eye lens, completely obviating the need of supplemental stylized phantoms. PHITS, compared to Geant4 and MCNP6, showed the best performance in both computation speed and memory usage for the MRCPs, which are even faster than the VRCPs. The DCs of the MRCPs were found to be very similar to the current reference DCs for penetrating radiations (e.g., photons and neutrons), but more reliable for weakly penetrating radiations (e.g., electrons and ions). The DCs for industrial radiography sources were found to be significantly influenced by different statures, demonstrating the capability of the MRCPs for personalized dosimetry. The MRCPs, as the next generation of ICRP reference computational phantoms, are expected to be used in many dosimetry applications, including nuclear medicine dosimetry in the future.

Pulmonary

: Displaying and Reporting V/P Single Photon Emission Computed Tomography - State of the Art

Bajc

Marika

University Hospital Lund, Lund, Sweden

The aim of the presentation is to demonstrate how to perform and interpret V/P SPECT in patients with suspected pulmonary embolism (PE). There are 19000 patients V/P SPECT studies were performed in our clinical practice for clinically suspected PE since 2002. From 2004 we quantify reduction of ventilation and perfusion, primarily to estimate the extent of PE. Furthermore, we are also interpreting ventilation changes to quantify total preserved lung function and grade severity of obstructivity. In one retrospective study during a period of 2 years, normal finding was observed in 30%, PE in 30% of patients. Among patients not showing sign of PE, ventilation helped to explain perfusion defects of different nature such as obstructive diseases, parenchymal changes as pneumonia and tumour and also heart failure. Additional finding was observed in 39% of patients. Positive predictive value for PE diagnostic was 99 % and negative predictive value was 98% (Bajc at al. J Intern Med 2008). Similar results were observed in another center (Begic at al. Nuclearmedizin 2015). Quantification of the PE extend has an impact on PE treatment. Patients with lung perfusion defects up to 40 % and ventilation defects up to 20 % are treated at home. In a retrospective study from 2007 to 2011, 416 outpatients were diagnosed with acute symptomatic PE. 63 % were treated at home from day 1 one and another 11% from day 2. There was no PE-related mortality on follow up (Elf at al. J Thromb Thrombolysis. 2015). Inverted perfusion gradient allowed diagnosis of left heart failure with a positive predictive value in 88% (Jogi at al. NMC 2008). V/P SPECT is also used for estimation of lung function and phenotype in patients with chronic obstructive pulmonary disease. Distribution of ventilation and perfusion, penetration of Technegas to the periphery allows grading of obstructivity, estimation of the total lung function (Jogi et al. EJNM 2011, Jobse et al. JNM 2013, Bajc et al. Ann Nucl Med 2015, Norberg P et al. EJNMMI Res. 2014). In COPD patients, V/P SPECT frequently identifies comorbidities such as PE, pneumonia, LHF and tumour (Jogi et al. Int J Chron Obstruct Pulmon Dis. 2015, Begic et al. Nuklearmedizin 2015, Bajc et al. Int J Chron Obstruct Pulmon Dis 2017, Nasr et al. EC Pulmonology and Respiratory Medicine 2017). Notably, the standardized technique together with holistic interpretation reduced the rate of non-diagnostic reports to the level below 4 %.(Corbus et al. NMC 1997, Lemb at al Nuklearmedizin 2001, Reinartz et al. JNM 2004, Leblanc et al NMC 2007, Bajc et al. JIM 2008, Gutte et al. JNM 2009, Gruning et al. Clin Imaging 2014). V/P SPECT is a fast procedure that can be performed in any patient, without the burden of contrast and with minimal radiation exposure. It offers a first-hand method for diagnosis of PE. Quantification of PE is of value for the decision of safe outpatient therapy in a majority of patients and for follow up. V/P SPECT is also of value for diagnostics of other diseases such as COPD, left heart failure, and pneumonia. With increasing number of tomographic gamma cameras, V/P SPECT should be applied in each hospital with available standard software.

Challenges in V/P Single Photon Emission Computed Tomography, Continuing after 40 Years

Jonson

Bjorn

Lund University, Lund, Sweden

Ventilation/Perfusion tomography (V/P SPECT) for diagnosis of PEF or diagnosis of PE, V/P SPECT was proposed by Eustace et al. in 1993. In 1997, Corbus et al. presented a large study showing that V/P SPECT provided accurate diagnosis in 96% of patients and with much higher specificity than planar studies. However, planar scintigraphy remained for long the standard method. Perfusion scanning was usually followed by ventilation scanning, sometimes on the following day. In 2000, a method allowing ventilation/perfusion scanning in the reversed order to be performed in one session within one hour using low doses of ^99m^Tc for both procedures was available. A challenge to do the same thing with V/P SPECT was successfully taken up by Palmer et al, 2001. The method was validated in pigs and in patients and showed to be superior to planar scintigraphy (Bajc et al. 2002, 2004, Reinartz et al. 2004, Gutte et al. 2010, Quirze et al 2014). In 2008, Bajc et al. demonstrated high clinical utility of the method combined with a holistic rather than probabilistic principle of interpretation. These principles for scanning and interpretation were recommended in the guidelines of the European Society of Nuclear Medicine (Bajc et al., 2009, Eur J Nucl Med Mol Imaging). These guidelines are now, in 2018, widely practiced in Europe and are being implemented in other parts of the world, including China and Japan. As shown by recent 'Use Criteria' for USA, their Society of Nuclear Medicine is more reluctant to the leave the outdated principles of planar pulmonary scintigraphy (Waxman et al., 2017, J Nucl Med). Myocardial single photon emission tomography was born 40 years ago (Keyes et al. 1978, Holman et al. 1979). This method was pretty soon accepted as superior to planar technique and no vast studies comparing planar imaging with SPECT were asked for. The advantages were evident for all of us who had struggled with excruciating interpretation of hazy planar images. The separation between the myocardium and overlaying and adjacent structures was of fundamental value. The same advantage of SPECT is obvious for the lungs. V/P SPECT for additional diagnoses - during the 70's and 80's, it was shown that obstructive disease and pneumonia could be revealed by use of ventilations scans. Heart failure was recognized from reversed perfusion gradient. V/P SPECT performed in patients for suspected PE show in up to 40% of cases additional diagnoses, i.e. more frequently than PE. Examples are COPD, pneumonia, left heart failure, chronic embolism, tumour and other parenchymal processes (Bajc et al. 2008, Begic et al. 2015). The patterns for these diseases are very important to recognize, because these diagnoses may present with similar clinical manifestations as PE and may partly or fully explain the symptoms of the patient. Accordingly, they should be reported. It appears doubtful that this is regularly done. Radiologists often claim that CTPA uniquely offers diagnoses of alternative diseases. Nuclear medicine should refute such nonsense and consequently underline that V/P SPECT is not a method only for PE. V/P SPECT and computer tomography of the pulmonary artery (CTPA) are the two principle imaging modalities by which PE can be diagnosed. Both fulfil basic requirements for diagnosis of PE. V/P SPECT is often not available. CTPA is often contraindicated. V/P SPECT and CTPA are both indispensable. Continuing challenges for Nuclear Medicine - How can we best promote the rational use of V/PSPECT? By education, training and research! Nuclear medicine is a small discipline. Future diagnostics will partly be based upon artificial intelligence. That will in the long run reduce costs and increase quality. To be prepared, we need to collect colossal amounts of information. Broad multidisciplinary research is a mandatory component in our efforts to gain motivated impact.

Computed Tomography Pulmonary Angiography - The Good, the Bad and the Ugly

Pascoe

Diane

Department of Radiology, Royal Melbourne Hospital, Melbourne, Victoria, Australia

CTPA is a sensitive and specific test for the diagnosis of pulmonary embolism, but so too is VQ. How can we decide which test to use in a given clinical scenario? The inherent strengths and weaknesses of CTPA, particularly as compared with VQ, will be discussed. This will include an explanation of the CTPA technique and how it can contribute to false positives, false negatives and non-diagnostic studies. Over-diagnosis with CTPA is a somewhat controversial but increasing concern, and will also be addressed, as it may place patients at risk of complication due to overtreatment.

V/Q Single Photon Emission Computed Tomography and Single Photon Emission Computed Tomography/Computed Tomography Imaging

Roach

Paul

Department of Nuclear Medicine, Royal North Shore Hospital, St Leonards, Sydney, Australia

To demonstrate the utility of planar, SPECT and SPECT/CT imaging for the investigation of patients with suspected pulmonary embolism (PE), the practicalities, advantages and disadvantages of planar, SPECT and SPECT/CT imaging were reviewed. Planar ventilation-perfusion (V/Q) scanning is often used to investigate pulmonary embolism, however it has well-recognized limitations. SPECT overcomes many of these through its ability to generate 3-dimensional imaging data. V/Q SPECT has higher sensitivity, specificity and accuracy than planar imaging and a lower indeterminate rate. It can also facilitate new ways of displaying and analyzing data, such as with parametric V: Q ratio images. V/Q SPECT can be further enhanced by the addition of CT data, typically using a low dose CT scan performed on a hybrid SPECT/CT scanner. Hybrid imaging has been shown to improve specificity and overall accuracy of V/Q scintigraphy as well as facilitating more accurate clot localisation. With the increased availability of hybrid SPECT/CT scanners in many Nuclear Medicine departments, such an approach can be implemented in most centres with little additional acquisition time or radiation dose. In 2018, V/Q scintigraphy should be performed with SPECT, and in most patients, SPECT/CT to optimise diagnostic accuracy. SPECT is superior to planar imaging.

Where to Now for the V/Q Scan - US Perspective: Past, Present and Future

D Royal

Henry

Mallinckrodt Institute of Radiology, St Louis, Missouri, USA

VQ imaging for the diagnosis of pulmonary embolism was extensively studied in the United States in the late 1980s. This test was the non-invasive test of choice for the diagnosis of pulmonary embolism until computed tomography pulmonary arteriography (CTPA) was introduced in the 2000s. The number of nuclear medicine studies performed in the United States continued to grow each year until the mid 2000s. Since that time, economic pressures have decreased the number of nuclear medicine studies by about 30%. Additional pressure from CTPA, have reduced the number of VQ studies by a greater percentage. The US has been slow to adopt SPECT and SPECT/CT VQ imaging in part because it is one of the few countries where Technegas™ has not been approved for human use. Renewed efforts to get Technegas™ approved in the United States are underway. If successful, use of VQ SPECT and SPECT/CT will likely increase. The combination of functional and anatomic imaging provided by the use of VQ SPECT/CT will surely increase the value of VQ imaging.

V/Q Single Photon Emission Computed Tomography - Artefacts, Pearls, Pitfalls and Interactive Cases

Schembri

Geoffrey

Department of Nuclear Medicine, Royal North Shore Hospital, St Leonards, Sydney, Australia

The presentation will cover common normal variants in V/Q scanning with particular focus on SPECT artefacts. Unusual pathologies will also be presented using interactive case presentations.

Imaging of PE in Pregnancy

Schembri

Geoffrey

Department of Nuclear Medicine, Royal North Shore Hospital, St Leonards, Sydney, Australia

To cover relevant issues in the imaging of PE in pregnancy. The presentation will cover issues relevant to PE diagnosis including: patient-related factors affecting the technical quality of imaging modalities, radiation dosimetry for the mother and foetus, and protocol variations.

Radiopharmaceutical Sciences

: New Chelators for Targeted Alpha-Therapy: The Chemistry Driving Efficacy and Safety

Abergel

Rebecca

University of California, Berkeley, California, USA

Among strategies developed to improve the effectiveness and minimize the consequences of radiotherapy, targeted alpha therapy (TAT) holds tremendous promise for treating cancer, as it offers the potential of delivering a highly cytotoxic dose to targeted cells while avoiding damage to the surrounding healthy tissue. TAT overcomes several barriers to traditional radiation therapy such as adaptive resistance and cell cycle progression. Currently a number of radionuclides that emit single alpha particles are under investigation, including the halogen ^211^At and the metallic isotopes ^213^Bi, and ^212^Pb. A growing subset of medical isotopes in this field includes the α-generator radionuclides ^225^Ac, ^223^Ra, ^227^Th, and ^230^U; isotopes that emit multiple α particles in their decay chains, dramatically increasing the potential delivered dose. To create a targeted alpha therapeutic comprising one of these radiometals, one must assemble 3 parts: a targeting moiety, a chelating ligand, and an appropriate radionuclide. Ideal properties of targeting constructs include facile internalization into, and retention of the decay products within, the target cell to achieve full cytotoxic potential and reduce the loss of the daughters to non-target tissues, thereby mitigating systemic radiotoxic events. Despite promising therapeutic potential established in pre-clinical and clinical studies, such designs have been slow to emerge. Reasons for this protracted development are many, including limited supply of radioisotopes, insufficient understanding of their biodistribution and biodosimetry, poor retention of daughter products at the target site, as well as inadequate chelation, one of the major drawbacks. Our approach is to clearly delineate the biodistribution of bioconjugate therapeutics, resulting dosimetry, mechanisms of induced cellular toxicity, efficacy, and safety, with a focus on ^225^Ac. Ongoing efforts aimed at addressing current limitations of TAT agents will be discussed, with the perspective of a pressing need for the development of new targeted α-therapy strategies.

**Disclosure of interest:** Part of the discussed work was supported by the U.S. Department of Energy's Isotope Program in the Office of Nuclear Physics at the Lawrence Berkeley National Laboratory under Contract DE-AC02-05CH11231.

High-Resolution Alpha Camera Imaging as a Tool for Developing Targeted Alpha Therapy

Bäck

Tom

Targeted Alpha Therapy Group, University of Gothenburg, Gothenburg, Sweden

Targeted alpha therapy (TAT) attracts increased interest, particularly for treatment of metastatic cancer. Before its full clinical potential can be realized, however, many of the current gaps of knowledge must be overcome. The often missing information relates to the highly localized, and often very heterogeneous, alpha-particle radiation energy distribution. In many cases, treatment planning based on whole-organ dosimetry will fail to predict the therapeutic and toxicity outcome in treatments when alpha-particle emitters. The alpha camera imaging system was developed to provide high-resolution quantitative imaging of alpha particles in tissue. The key elements of this system have been previously published. Here, an updated overview of the alpha camera imaging platform and results from a wide range of collaborative and published studies will be provided. Distribution data will be presented from imaging of several alpha-emitters including Ra-223, Th-227, Bi-213 and At-211. Several different issues of TAT will be addressed. Examples of such issues include intra-tumoural and intra-renal distribution; PRIT vs RIT; uniform vs non-uniform uptake in normal organs; and bone marrow imaging. Illustrative examples will be presented of how alpha camera imaging can be used for small scale 3D-dosimetry using voxel dose-kernel computations. The capability of quantum detection and imaging, ie. single-event imaging of individual alpha particles will also be shown. Importantly, preliminary imaging results will be presented for the first two patients of an ongoing bone biopsy study on patients being treated with Ra-223 chloride for treatment of castration resistant metastatic prostate cancer. The concept of mean absorbed dose to whole organs will therefore in many cases be misleading when evaluating, for example, dose-response relationships. Instead, the dosimetry from alpha-particle irradiation must be derived for the small-scale (sub-organ) level. This can be achieved using small-scale imaging of alpha-particle decay and dosimetric modelling.

Production of Medical Radionuclides Using High Energy Accelerators

Cutler

Cathy

Department of Collider Accelerator, Brookhaven National Laboratory, Upton, NY, United States

In 1931 Ernest Lawrence invented the cyclotron and with it the ability to produce radioactive isotopes of interest for biological applications. Since that time major advances have enabled the production of small compact cyclotrons to be installed at hospitals and pharmacies supporting the supply of short-lived radionuclides around the world. In the 1970's and 80's major accelerator facilities operating at 100 MeV and higher were installed in many of the national labs and used for production of radionuclides at much higher energy values than can be achieved on the small compact machines. These high energy accelerators play a critical role in supplying radionuclides such as Sr-82 used in Sr-82/Rb-82 generators for cardiac imaging. They continue to be upgraded to further production yields by installing beam rastering systems that have allowed higher intensities and thus higher production yields. Demand for isotopes that can be produced by these systems have also increased. The Linac proton energy at BNL can be incrementally tuned from 66 to 200 MeV in steps at 90, 118, 140, 160, 180 MeV. More than 90% of the pulses are directed via beamline to Brookhaven Linac Isotope Producer (BLIP). The beam can deliver both rastered and focused beam patterns at an average current as high as 165 µA. The beam is delivered to the BLIP and used for isotope production 7-8 months per year. Linear accelerators such as the one at Brookhaven National Laboratory when operating at maximum proton energy of 200 MeV can have simultaneous production of several medically relevant isotopes. Among those are Ac-225 (T~1/2~=10.0 d), Se-72/As-72 (T~1/2~=26 h), Sr-82/Rb-82 (T~1/2~=1.26 min) and Ti-44/Sc-44 (T~1/2~=3.97 h). Production of these novel radionuclides and recent enhancements will be presented.

Moving Radiopharmaceuticals from the Lab to The Patient in Europe

Decristoforo

Clemens

Medical University of Innsbruck, Innsbruck, Austria

Scientists are bringing an ever greater number of novel radiopharmaceuticals towards the point of clinical translation. New insights in neurosciences, novel targets in oncology, the popular concept of theranostics and the availability of new radionuclides are great stimuli for the translation. This presentation will provide an overview on the process of moving radiopharmaceuticals from the lab to the patient in Europe, but also address the challenges we face today in this process. Radiopharmaceuticals in Europe are drugs, defined as medicinal products in legislation. Therefore, clinical trials have to follow regulations regarding Investigational Medicinal Products (IMPs). European legislation has changed with the implementation of the New Clinical Trial regulation EU No 536/2014.\[[@ref166]\] This regulation will be fully implemented in 2019 and takes some specifics of radiopharmaceuticals into considerations.\[[@ref167]\] The way of submission of trials will change and harmonized within the EU, facilitation multinational approaches,\[[@ref168]\] these changes will be described and explained. A number of regulatory aspects of radiopharmaceuticals already have to be taken into account in the development of a new compound. These can be divided in "quality aspects" related to chemistry and formulation, and "safety aspects" related to pharmacology and toxicology. With respect the quality of a new radiopharmaceutical one of the greatest challenge is the compliance with Good Manufacturing Practices (GMP). This already starts with the radionuclide, the way of synthesis (automated or manually) but also aspects related to quality of starting materials and facilities, which will be discussed. For the submission of a clinical trial the information of the IMP has to be compiled in a so called Investigational Medicinal Product dossier, which will be explained in this presentation. In relation of the preclinical safety evaluation of a new radiopharmaceutical one challenge lies within toxicity testing of the cold compounds, where the European Medicines agency has initiated new guidance. Other requirements related to pharmacokinetics and pharmacology will be exemplified including in vitro and in vivo data to be generated before human application can be envisaged. Overall this talk will give an insight in Europe specific aspects and the regulatory challenges related to radiopharmacy and try to help to untangle the web of regulations.\[[@ref169]\]

The Coordination Chemistry of Zirconium Radiopharmaceuticals

Donnelly

Paul

School of Chemistry, Bio21 Molecular Science and Biotechnology Institute, The University of Melbourne, Melbourne, Victoria, Australia

Antibodies labelled with positron-emitting radioactive isotopes can be used as tracers for positron emission tomography (PET) imaging and are of interest as companion diagnostics to therapeutic antibodies to allow selection of patients who will best respond to antibody therapy. Zirconium-89 is a positron-emitting isotope with a relatively low translational energy (395.5 keV) and a half-life of 3.3 days that is well suited to antibody-based PET imaging.\[[@ref170]\] One approach to incorporate ^89^Zr into antibodies is to attach a ligand to the anibody that binds to ^89^Zr(IV) with high affinity. The bacterial siderophore desferrioxamine B (H~3~DFO) is a reasonable ligand for ^89^Zr(IV) radiopharmaceuticals and has been used in human clinical studies but is only a hexadenatate ligand.\[[@ref171]\] It is possible that octadentate ligands may enable the synthesis of 8-coordinate ^89^Zr complexes with improved *in vivo* stability.\[[@ref172]\] A review of the important aspects of the coordination chemistry of Zr(IV) will be presented highlighting important aspects for the use of the isotope in immunoPET as well as a new ligand capable of forming stable complexes with ^89^Zr(IV). A squaramide ester derivative of desferrioxamine B (H~3~DFO) that is compatible with aqueous solvents was syntheised to attach the siderophore to the antibody trastuzumab. The new conjugates were radiolabelled with ^89^Zr(IV) and ^89^ZrDFOSq-trastuzumab was administered via tail-vein injection to both human ovarian high-copy HER2 and SKOV3 xenograft models. Small animal PET imaging was performed at 24 to 96 h post administration for each study. ^89^ZrDFOSq-trastuzumab was also administered to xenograft-bearing mice with the HER2 high-copy breast cell line BT474. In all cases ^89^ZrDFOSq-trastuzumab resulted in high quality PET images. A squaramide ester derivative of desferrioxamine B, H~3~DFOSqOEt can be used for efficient bioconjugation reactions to antibodies, and proteins and subsequent radiolabeling with ^89^Zr(IV). Zirconium-89 complexes of H~3~DFOSq are more stable than thiourea containing analogues possibly due to the ligand forming 8-coordinate complexes. The conjugates with trastuzumab were radiolabeled with ^89^Zr(IV) and the new constructs were used to obtain high quality PET images in three models of HER2 positive tumours.\[[@ref173]\]

Geant4: a Monte Carlo Code for Dosimetry of Radiopharmaceuticals

Guatelli

Susanna

Centre for Medical Radiation Physics, University of Wollongong, Wollongong, New South Wales, Australia

Geant4 is a widely used Monte Carlo (MC) code, born for High Energy Physics experiments, and then extended to space science and medical physics applications.\[[@ref174]\] Geant4 is developed and maintained by an international Collaboration (more than 100 members), is open-source and free. Platforms such as GATE (<http://www.opengatecollaboration.org/>), GAMOS (<http://fismed.ciemat.es/GAMOS/>) and TOPAS (<http://www.topasmc.org/>) allow an easy use of Geant4 in the medical physics community. Geant4 has ad-hoc physics extensions to describe the interactions of particles with biological targets, down to the eV scale. It can be used to investigate the effect of radiation emitted by radiopharmaceuticals at macroscopic level (mm size), cellular and DNA scales. Geant4 has also advanced capability in modelling geometries, from analytical human phantom models (e.g. Geant4 advanced example *human_phantom*) and voxelised geometries imported from DICOM files (e.g. Geant4 extended example *DICOM_interface*) to the modelling of the DNA helix. The functionality of Geant4 for dosimetry of radiopharmaceuticals will be illustrated together with an example of its application in Targeted Alpha Therapy. Geant4 is a mature Monte Carlo code which is well suited to investigate the effect of radiation emitted by radiopharmaceuticals in organs, at mm scale as well as micro and nano scales.

New Approaches in Carbon-11 Chemistry

Halldin

Christer

Karolinska University Hospital, Stockholm, Sweden

PET provides a new way to image the function of a target and by elevating the mass, to pharmacologically modify the function of the target. The main applications of radioligands in brain research concern human neuropsychopharmacology and the discovery and development of novel drugs to be used in the therapy of psychiatric and neurological disorders. A basic problem in PET brain receptor studies is the lack of useful radioligands with ideal binding characteristics. During the past decade more than hundred neurotransmitters have been identified in the human brain. Most of the currently used drugs for the treatment of psychiatric and neurological disorders interact with central neurotransmission. Several receptor subtypes, transmitter carriers, and enzymes have proven to be useful targets for drug treatment. Molecular biological techniques have now revealed the existence of hundreds of novel targets for which little or no prior pharmacological or functional data existed. Due to the lack of data on the functional significance of these sites, pharmacologists are now challenged to find the physiological roles of these receptors and identify selective agents and possible therapeutic indications. During the past decade various ^11^C- and ^18^F-labeled PET radioligands have been developed for labeling some of the major central neuroreceptor systems. There is still a need to develop pure selective PET radioligands for all the targets of the human brain. This presentation will cover the more recent and promising developments of ^11^C-labeling radiochemistry and its utility in the production of novel radiopharmaceuticals, with special emphasis to labeling methods that have the greatest potential to be translated into clinical PET imaging. It will also compare the advantages and disadvantages with the use of either ^11^C- and ^18^F-labeled PET radioligands. The need for novel PET radioligands for clinical PET imaging is increasing and ^11^C-radioligands are especially important within clinical research and drug development.

Radiometal Chemistry: The Chemistry Behind Emerging Radiometals for Theranostics

Hermann

Petr

Department of Inorganic Chemistry, Universita Karlova (Charles University), Prague, Czech Republic

A theranostic pair of radioisotopes (a combination of PET/SPECT and therapeutic radioisotopes) enables diagnosis and therapy with the same chemical entity. To be used in medicine, the metal radioisotopes must be bound by suitable (bifunctional) chelators to form complexes which have to be stable in-vivo. The chelators have to match properties required by the metal ion, e.g. a kind of donor atoms, coordination number, stereochemistry etc. It is more important for radiotherapeutics due to their high toxicity in non-target tissue than for imaging agents. Theranostic pair is commonly considered to be composed of the radioisotopes of the same metal element as imaging and therapeutic agents are naturally the same. However, there is also possible to consider a theranostic "pair" composed from two different metal ions. Such combination might be even more convenient as mainly the radioisotope half-lives could be much easily matched. It could be accomplished through a combination of two different chelators, each selectively binding just one metal ion of the pair, into one molecule. Besides "traditional" pairs as 86/90-Y, there is still worth to consider combination 61/64/67-Cu, and other ones are becoming to be more popular, e.g. 43/44/47-Sc or some transition metals. Short-lived therapeutic alpha-emitters can be combined with 68-Ga. For each metal radioisotope or their combination, the most suitable chelators can be designed. The theranostic pairs of radiometals will serve best if the metals will be bound in chelators which are designed especially for them, and which will ensure fast and efficient labelling (the chelator selectivity is important) as well as in-vivo stability (kinetic inertness is often crucial). These parameters are even more important if two chelators of different structure and properties are combined together in "two-metal" theranostics.

Moving from the Lab to the Patient in the USA

Lewis

Jason

Memorial Sloan-Kettering Cancer Centre, New York, USA

This talk is designed to present the audience with the general approach for translating new imaging agents to the clinic in the USA. The methods and regulatory hurdles to do this will be discussed.

Learning objectives:

Learn about the path for translation of new imaging agents from the bench to the clinicLearn about examples of recent agents that have been translated in the oncology setting.

New Chelators Enable One-Step Kit-Based Radiosynthesis of Receptor-Targeted Gallium-68 Radiopharmaceuticals

Ma

Michelle

King's College London and St Thomas' Hospital, London, England, UK

A pharmaceutical-grade ^68^Ga generator has recently become commercially available, providing hospitals with on-site access to a GMP-grade diagnostic PET radionuclide without the need for local cyclotron facilities. The most widely used ^68^Ga radiopharmaceuticals consist of ^68^Ga coordinated to a chelator that is attached to a peptide for targeting cell-surface receptors of tumours: many centres routinely produce diagnostic ^68^Ga-HBED-PSMA and ^68^Ga-DOTA-TATE for whole-body PET imaging of prostate and neuroendocrine cancers respectively. These radiotracers have had significant impact on patient management in centres where they are available, but the complexity of their radiosynthesis in hospitals is a barrier to widespread implementation. Recently, several chelators have been evaluated and/or developed for ^68^Ga radiolabelling of peptides under ambient conditions. These include chelators based on 1,4,7-triazacyclononane-1,4,7-triacetic acid (NOTA), 1,4,7-triazacyclononane macrocycles substituted with phosphonic (NOTP) and phosphinic (TRAP) groups, 6-amino-1,4-diazepanes with acetate substituents (DATA), a siderophore-derived macrocyclic chelator with hydroxamate groups (FSC), the acyclic siderophore desferrioxamine-B (which also contains hydroxamates), an acyclic chelator based on a substituted pyridine carboxylate with an N~4~O~2~ binding mode (DEDPA) and *tris* (hydroxypyridinone) (THP) derivatives based on 1,6-dimethyl-3-hydroxypyridin-4-one units. These chelators quantitatively coordinate ^68^Ga^3+^ at near-neutral pH, room temperature and low concentrations of chelator-peptide bioconjugate. Such chelators will enable one-step, kit-based radiosyntheses of ^68^Ga-radiopharmaceuticals. Kit-based ^68^Ga-radiopharmaceuticals will greatly increase ^68^Ga PET access to hospitals that routinely prepare ^99m^Tc kit-based radiopharmaceuticals, but lack expertise or facilities to implement complicated automated synthetic technologies. This chelator technology will expand the use of the ^68^Ga generator for the benefit of more hospitals and patients.

Radiometal Production: In Reactors

Mikolajczak

Renata

National Centre for Nuclear Research Radioisotope Centre Polatom, Otwock, Poland.

Nuclear reactors are the source of neutrons of various energies which can be utilized for irradiation of radiometals in nuclear reactions with elements of target material. There are a number of radiometals which can be produced in nuclear reactors, with ^153^Sm, ^177^Lu and ^166^Ho on top of the list. There is also a need for other ones, with various chemical and physical characteristics, such as ^47^Sc, ^67^Cu etc. The characteristics of neutron flux, a parameter specific for each individual reactor, and the composition of the target material will determine the final specific activity of the desired radionuclide. Special attention is given to radiometals which can be obtained in carrier-free form from (n,p) and (n,γ) reactions giving a parent radionuclide decaying in short time to required daughter radioisotope. The processing of such targets requires separation chemistry. The ultimate goal is to obtain the radiometal with high specific activity, radionuclide and chemical purity, in the solution suitable for radiolabeling of various molecules for medicinal use. From the pharmaceutical perspective the radiometal in solution for radiolabelling can be granted a status of medicinal product as a precursor of radiopharmaceutical.

Organotrifluoroborates as Prosthetic Groups for Single-Step F18-Labeling of Molecularly Complex Molecules

Perrin

David

University of British Colombia, Vancouver, Canada

Growth in the oncology tracer market is driven by peptides and other molecules that detect specific molecular targets whose presence leads to cancer. While several PET-useful isotopes exist, ^18^F-fluoride has a track-record of FDA clearance, is produced at Curie-levels. Its excellent nuclear capabilities including a moderate half-life, low positron emission energy, and isotopic purity make it a choice isotope for PET. Nevertheless, the challenges for ^18^F-labeling large molecules are considerable; these include a short half-life and typically, the need to work in anhydrous conditions and at high temperature. In seeking an aqueous reaction along with kit-like simplicity, we have developed organoborates that can be pre-conjugated to peptides to provide precursors that are ^18^F-labeled in a single aqueous step. To streamline labeling, we have explored isotope exchange (IEX), the advantage being that the unlabeled ^19^F-precursor and ^18^F-labeled product are chemically identical. Peptides including octreotate, bombesin, rhodamine-dimeric-RGD, bradykinin, LLP2A, MSH, and diamino-acid ureas for targeting PSMA have been synthesized by standard methods. With a pendant azide or alkyne, these peptides are "click" conjugated to organotrifluoroborates. NCA \[^18^F\]fluoride ion (\~1Ci) is trapped on a small QMA cartridge and eluted directly into a tube containing the peptide-BF~3~. Following a 20 min IEX, the peptide is applied to a sep-pak to remove free fluoride whereupon the ^18^F-labeled peptide-BF~3~ is eluted into 50% EtOH and used for imaging studies. Labeling proceeds with operational simplicity in a fully shielded hot-cell with radiochemical yields of 10-30% at molar activities of 2-5 Ci/µmol within 25 min. Uptake values range from 5-20% ID/g with some tumour contrast ratios (T: Blood, T: Muscle) in excess of 100. Organotrifluoroborates as radioprosthetics are labeled in water in a single step and provide a robust and perhaps generalizable means to generate ^18^F-labeled radiotracers.

Production of Medical Isotopes with Electron Linacs

Rotsch
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Argonne National Laboratory, IL, USA

The use of electron linacs for the production of radioisotopes has not been experimentally explored to any tangible depth because sources of photons with sufficient energy and flux for production have only recently become available. High specific activity (SA) isotopes can be routinely achieved through (γ,p) reactions. The photonuclear production and chemical purification of ^47^Sc and ^67^Cu from ^nat^Ti and enriched ^68^Zn targets, respectively, will be discussed. Targets were irradiated with Argonne's 55 MeV/30 kW e-linac. The targets were mounted in target stations at the end of a beam lines with a water-cooled Be-exit window. Incident electrons were converted to photons with water-cooled tungsten or tantalum convertors. Scandium-47 was produced from pressed pellets of ^nat^TiO~2~ and ^nat^TiC. The target material was dissolved and ^47^Sc was isolated and purified by column chromatography. Copper-67 was produced from enriched ^68^Zn cast as large cylinders (\~100 g). Copper-67 was isolated from the target material via sublimation of the target material. Copper-67 was then dissolved and then purified by column chromatography. Radioscandiums (^46-48^Sc) were isolated from TiO~2~ dissolved in H~2~SO~4~ using an Eichrom DGA normal chromatographic resin. All radioscandiums were eluted form the column with HCl (0.1 M) in \>90% recovery with SA of 888.0 GBq/mg (^47^Sc/Sc, EOB).\[[@ref184]\] Copper-67 was isolated from ^68^Zn by sublimation of the target material under vacuum at 650^o^C. Copper-67 was dissolved in HCl (8 M) and concentrated HNO~3~ and then purified with a Dowex AG1X8 anion exchange resin. Copper-67 was isolated in HCl (0.1 M) in \>90% recovery with SA of 843.6 GBq/mg (^67^Cu/Cu, EOB). Electron linacs are becoming more prevalent and represent untapped sources for isotopes. The relatively low production rates of (γ,p) reactions can be overcome with increased power (current) of the incident beam. Here the production of high SA ^47^Sc and ^67^Cu has been demonstrated.

1\. **Disclosure of interest:** Argonne National Laboratory's work was supported under U.S. Department of Energy contract DE-AC02-06CH11357. U.S. DOE Office of Nuclear Physics Isotope Program. Argonne national Laboratory is operated for the U.S. Department of Energy by U Chicago Argonne, LLC.

New Approaches to Late-Stage Radiolabeling of Bioactive Molecules

Scott

Peter

University of Michigan, Ann Arbor, Michigan, USA

The development of novel PET radiopharmaceuticals is critically dependent on the availability of methods to incorporate the desired radioisotope into a scaffold of interest. In recent years, there has been significant advancement in methods for the late-stage radiolabeling of bioactive molecules and drug scaffolds with fluorine-18. Metal-mediated reactions with \[^18^F\]fluoride are an example of one such advancement which, in a relatively short period of time, have changed the way radiochemists form C-^18^F bonds and revolutionized the PET radiochemistry landscape. These reactions have enabled the radiofluorination of a wide range of substrates, facilitating access to radiopharmaceuticals that were challenging (or impossible) to synthesize using traditional fluorine-18 radiochemistry. This presentation will cover our recent progress developing new metal-mediated approaches to late-stage fluorination using high specific activity nucleophilic \[^18^F\]fluoride.\[[@ref185][@ref186][@ref187][@ref188]\] \[^18^F\]Fluoride was produced in a PETTrace cyclotron using the ^18^O(p, α) ^18^F nuclear reaction, trapped on a QMA cartridge and eluted to produce aq.\[^18^F\]KF or \[^18^F\]AgF. The salt solutions were azeotropically dried and then redissolved. These stock solutions were then used to carry out test reactions with various precursors (ArX, where X = IMes, BX~2~, SnR~3~ or H). Reactions were analyzed by radio-TLC and HPLC to determine yields. Numerous fluorine-18 labeled arenes have been synthesized from the corresponding ArX precursors (where X = IMes, BX~2~, SnR~3~ or H). All of the methods are tolerant of electron-deficient, -neutral or -rich arenes. The reactions have been fully automated on radiochemistry synthesis modules, and the high yields and mild conditions make the methods well-suited for the synthesis of clinical radiotracers and radiolabeling of drug-like molecules. Transition-metal-mediated reactions that convert C--I, C--B, C--Sn and C-H bonds into C--^18^F bonds using high specific activity nucleophilic \[^18^F\]fluoride have been developed that allow facile radiolabeling of a range of arenes and are enabling the synthesis and evaluation of many new radiotracers for PET imaging.

Targeted Alpha Particle Radiotherapy: Prospects and Problems

Zalutsky

Michael

Duke University, Durham, North Carolina, USA

Radionuclides that decay by the emission of α-particles offer the exciting prospect of combining cell-specific molecular targets with radiation having a tissue range of only a few cell diameters. However, a potential problem resultant from this short range is the effect of heterogeneities in dose deposition on therapeutic efficacy. Alpha particles are radiation of high linear energy transfer, offering important radiobiological advantages for cancer therapy including a therapeutic effect that is nearly independent of dose rate, presence of oxygen, and cell cycle status. The properties of alpha-emitters are best suited for the treatment of compartmentally spread neoplasms such as ovarian carcinoma and neoplastic meningitis, as well as tumours of the circulation such as lymphoma and leukaemia. In addition, targeted anti-vascular radiotherapy is a particularly attractive application of alpha emitters because of the possibility of achieving more efficient cell kill than might be possible with strategies requiring direct binding of the labelled compound to the tumour cells themselves. Alpha emitting radionuclides that have now been evaluated in patients include 46-min ^213^Bi, 7.2-h ^211^At, 11-day ^223^Ra, and 10-day ^225^Ac. Radiochemical strategies for labelling a variety of biomolecules with these and other alpha emitters are available. One of the biggest challenges facing the development of alpha-particle targeted radiotherapy is the availability of sufficient radionuclide to perform clinical investigations. in addition, with longer lived radionuclides decaying by the emission of multiple shorter lived alpha emitting daughters, minimizing deleterious effects to normal tissues after their escape must be considered. From a radiochemistry perspective, other important aspects are the development of scaled up radiolabelling procedures that are adaptable to GMP conditions and methodologies that are not compromised by radiolysis. In summary, although the results of most clinical trials performed to date indicate that targeted alpha-particle therapy is a promising strategy for cancer treatment, practical problems must be overcome before this approach has a meaningful clinical impact.

Renal

: New Technologies and Applications in Nuclear Medicine: Current Applications in Renal Scintigraphy and Glomerular Filtration Rate Evaluation

Chappell

Bridget

Department of Molecular Imaging and Therapy, Austin Health, Melbourne, Victoria, Australia

Nuclear Medicine imaging and *in vitro* laboratory procedures provide important diagnostic information in the evaluation of the genitourinary system. Technetium-99m (^99m^Tc) and Chromium-51 (^51^Cr) based radiopharmaceutical imaging procedures and associated in vitro assay and calculations of the Glomerular Filtration Rates (GFR) are widely accepted methodologies in assessing the renal function of patients with diabetes, post chemotherapy and potential donors. The presentation will present an overview of the current practices in radionuclide renal imaging procedures. The presentation will describe the clinical indications, radiopharmaceuticals used, imaging techniques and technical aspects of the common nuclear medicine renal imaging procedures in practice. Laboratory quantitative applications will also be reviewed including procedure indications, analysis techniques and a comparison/merits of different types of radiopharmaceuticals used for quantitation of GFR. Renal scintigraphy and GFR estimations of renal function are common practices in a Nuclear Medicine Department. Technologists are required to be well versed in and be able follow a standardised practice, to ensure consistency and accuracy of results, which are often crucial in the clinical management of the patient.

Glomerular Filtration Rate Measurement in the Era of Peptide Receptor Radiation Therapy Therapy

Erbas

Belkis

Department of Nuclear Medicine, Medical School, Hacettepe University, Ankara, Turkey

Theranostics have gained an increasing clinical application for the therapy of various cancers. Peptide receptor radionuclide therapy is highly efficient for the metastatic or inoperable neuroendocrine tumours, however kidneys have been considered the "critical organ" because of the renal absorbed radiation dose. Severe renal toxicity, classified as grade 4-5 was reported ranging from 1% to 14% in the literature. Routinely, serum creatinine or GFR estimation based on creatinine has been used as a measure of renal function in the monitoring of renal toxicity. Most commonly used formulas for estimation of GFR are "Modifications of Diet in Renal Disease" (MDRD) equation and "Cockcroft-Gault" formulas. However, more precise methods than creatinine or creatinine clearance are recommended to assess renal function. Radionuclide methods provide more accurate measure of renal function in patients receiving theranostics, such as GFR measurements using Tc-99m-diethylenetriaminepentaacetic acid (DTPA), Cr-51- ethylenediaminetetraacetic acid (EDTA), or measurement of Tc-99m-MAG3 clearance, particularly in patients with preexisting risk factors for long-term nephrotoxicity. In this lecture, renal function measurement techniques and renal toxicity due to theranostics will be discussed.

The Complementary Role of Renal Nuclear Medicine in Oncology

Erbas

Belkis

Department of Nuclear Medicine, Medical School, Hacettepe University, Ankara, Turkey

Oncologic pathologies might affect the kidney directly or indirectly. Primary tumours of kidney, invasion of cortical tissue by metastatic tumour, or obstruction of collecting system and bladder by the mass effect of intraabdominal/pelvic tumour may result in the impairment of renal function. Radiation nephropathy due to renal irradiation is an important complication of external beam radiation therapy or internal radiation therapy such as peptide receptor radiation therapy. Nephrotoxic chemotherapy is another cause of nephrotoxicity and renal function impairment. Glomerular filtration and tubular secretion are the major elimination pathways for antineoplastic agents and their metabolites. Intravascular volume depletion, concomitant use of other drugs (aminoglycoside antibiotics, nonsteroidal anti-inflammatory drugs) and contrast material may have further contribution to the renal functional impairment. When acute or chronic nephrotoxicity occurs, laboratory findings may vary from asymptomatic slight creatinine rise to acute renal injury and renal failure. Routinely, serum creatinine or cystatin C levels are used for the monitoring. GFR estimation formulas based on plasma creatinine values are also used for the GFR estimation, however, they are not sufficiently accurate methods for renal function measurements. Radionuclide methods, based on the plasma or urinary clearance of radiotracers, such as ^51^Cr-EDTA, ^99m^Tc-DTPA using single or multi-sample methods with or without urinary sampling, provide more reliable results. Renal scintigraphy using glomerular or tubular radiopharmaceuticals are used for the imaging and calculating the renal function/differential renal function, evaluation of the presence and level of obstruction, and follow-up the function. PET imaging with^18^F-FDG is helpful for the staging of genitourinary tumours, as well as, for the monitoring of therapy response or recurrence detection. Recently, Ga-68 labelled EDTA has been used for the dynamic PET imaging of renography and GFR measurement. Another application of renal imaging is the measurement of individual kidney uptake of Y-90 or Lu-177 labeled somatostatin analogs and prediction of renal absorbed dose in order to minimize the renal toxicity.

Guidelines for GFR Measurement: What to do, When to do it, and Where the Errors Occur

Hilson

Andrew

Harley Street Clinic, London, England, UK

The presentation is based on the draft BNMS GFR guidelines.

How many samples?

-ISCORN/Radionuclides in Nephrology group recommended single sample if GFR \> 30 ml/min.\[[@ref190]\] Recommended Christensen-Groth method\[[@ref191]\]

-BNMS (2004) recommended 3-sample method because of QC issues, but now recommend single-sample approach:

-Use Fleming method if GFR \> 25 ml/min with same-day sampling.\[[@ref192]\]

-Use Gref and Karp method if GFR\<25 ml/min with 24h sample.\[[@ref193]\]

-If significant third space use 4-sample method of Wickham et al.\[[@ref193]\]

Agent?

^99m^Tc-DTPA or ^51^Cr-EDTA.

QC?

There are no reliable intrinsic QC methods-rely on good technique.\[[@ref194]\]

Captopril Renography in the 21

st

Century

Hilson

Andrew

Harley Street Clinic, London, England, UK

The role of captopril renography in renovascular disease (RVD) was first shown by Wenting in1984 who showed that captopril reduced function in a kidney with RVD.\[[@ref196]\] This was followed by the development of the single-dose captopril study,\[[@ref197]\] which showed that using simple clinical criteria it was possible to select a population which showed significant RVD in about 33%. The technique was taken further in the European Multicentre Study,\[[@ref198]\] which showed that the technique was very good at selecting patients who would or would not benefit from revascularistion. In 1996 there was a consensus guideline.\[[@ref199]\] In 2009, the ASTRAL study\[[@ref200]\] showed no benefit from revascularisation in patients with RVH, and this was confirmed in the 2015 CORAL study. So, what is the role of captopril renography? Both ASTRAL and CORAL only enrolled patients in whom there was equipoise as to the possible benefit of revascularisation. Captopril renography is of use in confirming or excluding the need for revascularisation - selecting which patients should have intervention, and which can be treated medically.

Imaging in the Assessment of Urinary Tract Infection

Rossleigh

Monica

Prince of Wales and Sydney Children's Hospitals, Randwick, Sydney, Australia

Urinary tract Infection (UTI) is a common problem. Despite this, the role of imaging in this clinical context remains controversial. The three imaging modalities utilised are ultrasound examination, micturating cystourethrography and DMSA renal cortical scintigraphy. A review of the literature will be presented and an evaluation of a variety of guidelines formulated by different august bodies for the assessment of this clinical problem will be undertaken. Individual centres will need to determine which of the different guidelines to follow that best suits the philosophy of management of this condition in their institution.

Read with the Experts Session - Diuretic Renography

Rossleigh

Monica

Brink

Anita

Sever

Zvi Bar

Parisi

Meg

With the increasing use of ultrasound assessment of the foetus during pregnancy, there has been a need to evaluate the antenatal diagnosis of hydronephrosis. Diuretic renography is being frquently applied to this condition and it has a significant role in the management of these patients. The interpretation of diuretic renography will be assessed by reviewing a number of cases presented by speakers from around the world. Utilizing a variety of cases to be presented with audience participation in their interpretation will result in an improvement in reporting of diuretic renography, including interpreting difficult and challenging cases. Clinical issues that impact on the interpretation of diuretic renograms will be outlined. At the completion of this session, participants in the audience will be able to interpret diuretic renography with greater confidence.

Technologist

: New Applications for V/Q Lung Imaging

Bailey

Elizabeth

Department of Nuclear Medicine, Royal North Shore Hospital, St Leonards, Sydney, Australia

To understand the current role of V/Q imaging in clinical practice including suggested acquisition and processing protocols. A review of current best practice including new and innovative clinical applications for the V/Q SPECT/CT will be presented with clinical cases and research data presented. By the end of this presentation, the attendees will be aware of non-PE indications for V/Q imaging and a potential role of both clinical and research applications and be familiar with quantitative V/Q SPECT/CT and how it can be implemented and interpreted.

Peptide Receptor Radionuclide Therapy using \[

177

Lu\]-Dota-SSR

Bailey

Elizabeth

Department of Nuclear Medicine, Royal North Shore Hospital, St Leonards, Sydney, Australia.

The aim of the presentation is to understand the role of \[^177^Lu\]-Dota-SSR in the treatment of Neuroendocrine tumours. The presentation will include an overall of the protocols, indications and patient outcomes when treating neuroendocrine tumours with Lu177-Dota-SSR. A review of current best practice and practical technical guidelines to assist technologists involved with providing a Lu177-Dota-SSR radionuclide therapy service. At the conclusion of the presentation, attendees will be familiar with current best practice protocols for the administration and monitoring of patients having \[^177^Lu\]-Dota-SSR, have an understanding of the radiation dosimetry and potential side effects associated with PRRT and have the skills and knowledge needed to setup a \[^177^Lu\]-Dota-SSR therapy program for the treatment of NET.

Accreditation and National Quality Health Service Standards

Baker

Colin

Department of Molecular Imaging and Therapy, Austin Health, Melbourne, Victoria, Australia

The 10 National Quality Health Service Standards (NSQHS) were developed to assist health care service providers deliver safety and quality health care to patients whilst minimising risk. Five standards were introduced initially in 2011 and later expanded to five more in 2012, based on extensive consultation and analysis of feedback from the health industry and consumers of the health service. This presentation will discuss the rationale for the development of the 10 standards by the Australian Government, how they were formulated, describe each standard in detail as practiced by health organisations now and the systems and methods employed to implement these standards in various health institutions. Also outline a statement of intent, context, criteria, items and actions for each standard and describe how the standards are utilised in the provision of imaging services and therapy, in order to improve patient care and clinical outcomes. Concerted and focussed education for healthcare service providers has been instrumental in the 10 standards being successfully implemented in hospitals across Australia. Success of large national initiatives such as the NSQHS standards depends on continuous review, gap analysis and measures to address the gaps and the government and hospital boards and executives have been reasonably successful in this regard. The 10 NHSQS standards, along with the rigorous clinical governance expected by hospital accreditation processes, provide the framework for standardised and safe practices of health care across the spectrum of health organisations in Australia and have been instrumental in developing safety and quality health systems and structured clinical governance.

Positron Emission Tomography/Computed Tomography Hybrid Imaging in Oncology: Benefits for the Patient

Binns

David

Peter MacCallum Cancer Centre, Melbourne, Victoria, Australia

The healthcare community quickly embraced the introduction of hybrid PET/CT scanners in the early 2000's. CT improved specificity and overall diagnostic accuracy of PET scanning, while overall throughput, due to faster attenuation correction, amortised the cost over a larger number of patients. Over the last 15 years, CT systems have improved greatly in performance primarily due to the increased number of detector slices, dose modulation, and improved reconstruction algorithms. Scan quality has continued to improve while patient dose, in the main, has reduced or remained equivalent. Nuclear Medicine Specialists (NMS) and Nuclear Medicine Technologists (NMT) have the potential to optimise the contribution made by the CT scan. The governance of hybrid imaging must be supported by health services, and it is highly recommended that Molecular Imaging (MI) departments structure a multidisciplinary group that ensures best practise from both MI and Radiology sectors. The underlying impetus should always be patient benefit and safety. Oncology patients have benefitted greatly from hybrid imaging-the additional CT data improves the diagnostic accuracy of the PET scan, and patient safety is not compromised. Management by an appropriately qualified multidisciplinary team is essential to ensure the development of safe and optimum hybrid imaging protocols.

A Paradigm Shift: Technologist Advanced Practice and Career Development-the European perspective

Fragoso Costa

Pedro

Clinic for Nuclear Medicine, Essen University Hospital, Koln, Germany

The role of the Nuclear Medicine Technologist (NMT) is changing. It has been changing in the last decades and adapting to the ever-evolving technologic field. The EANM Technologist Committee (EANM-TC) has worked with European partners, in order to achieve a harmonised and European definition of the NMT. For this purpose, the European Qualification Framework (EQF) was used following a number of items divided in Knowledge/Skill/Competencies (SKC). It was defined that the core competencies of a NMT were equivalent to the academic Bachelor degree. Advanced practice can be achieved, for example, through a master's programme, but there is no European framework that recognises this level of competencies for Technologists, at the moment. There are, however, several countries that recognise this advanced practice and, given the proper education their involvement in multidisciplinary tasks. While it might be discussable for practitioners from different countries if one or the other task can be considered beyond the core competencies, it is fundamental for the discussion of advance practice, to identify and define those skills and practices according to the EQF system. Nowadays, the myriad of options for technologists will certainly relax the rigidity of competencies such as to limit or extend them, facilitating a multidisciplinary teamwork and ensure the best clinical practice towards patients. The objective of this session is to briefly present the system of qualifications in Europe, while describing the different carrier paths available to European Nuclear Medicine Technologists and EANM-TC's contribution in formalising some of those paths.

Globilisation

Currie

Geoff

Charles Sturt University, New South Wales, Australia

*Globalization* is the response to global trends. One aspect of globalization is *internationalization*, which is a strategic approach adopted to respond to the global market. Motivations will vary amongst countries and between individual institutions, but include commercial advantage, market share of fiscal and knowledge economies, and enhancement of outcomes. Mobilization offers a powerful tool for enhancing internationalization strategies. Here we explore the foundations of globilization, internationalization and monilization as a foundation for further exploration of impacts in nuclear medicine in the next session.

Partnering

Currie

Geoff

Charles Sturt University, New South Wales, Australia

This session explores strategies for effective partnering and productive partnerships to overcome geographic and professional isolation. We explore key factors in identifying suitable partners and mechanisms for partnering success. This session builds on globilization, internationalization, and monolization previously discussed and explores challenges in delivering a package through partnership for overcoming geographic and professional isolation.

The Craft of Medical Radiation Science

Currie

Geoff

Charles Sturt University, New South Wales, Australia

In Medical Radiation Science, the "art" of our profession lies in intuition which is informed by science, education, and experience. Art or intuition recognises that the end product or outcome can be very variable and defined by our sense or feeling that the task is done. On the other hand, "science" is informed by evidence, technology, and defined protocols. The end points tend to be reproducible and defined by a predefined expected outcome; "it worked" rather than "it feels right". In Medical Radiation Science we bring art and science together to define pour profession. If we get the balance of art and science right, it is more than a profession; it's a "craft". Professionalism is a "craft" (clinical, research, invention, innovation, education, patient care, instrumentation, and so on). To craft a career implies both the use of logic and intuition. Magic is a craft; the application of science and art to create an illusion that would not have the outcomes expected if it relied on either art or science alone. Medical Radiation Science demands a balance along a continuum in the command and exploitation of both art and science. Arthur C. Clarke once said "any sufficiently advanced technology is indistinguishable from magic" The craft of Medical Radiation Science is to make the magic tangible.

Innovation in Positron Emission Tomography/Computed Tomography: New, Now and Next

Evans

Scott

Westmead Hospital, Sydney, Australia

The aim of this session is to describe new technologies and applications of PET and to review the future directions. Recently introduced methods of PET image acquisition and processing will be discussed. Alternate utilisation of regular tracers and future applications of new PET tracers will be reviewed. New technologies and applications in PET provide improved imaging and clinical outcomes. Improved imaging and diagnostic outcomes can be achieved by utilising new technologies and applications in PET.

Advanced Practice: An International Perspective

Fader

Karren

CAMRT, Dalhousie University, Halifax, Canada

Globally, advanced practice medical radiation technologist (APMRT) come in many forms.\[[@ref212]\] The models of advanced practice are as varied as the names we choose to call ourselves. They may evolve as a natural consequence to a need or could be intentionally determined then developed. Some countries models of advanced practice have been around for decades, while others have been recently created and implemented. Regardless of difference in these areas, when an advanced practice role is generated, fundamental principles are required for the framework.\[[@ref213]\] Core competencies or pillars are the foundation of advanced practice models. Individual core competencies of advanced practice may use different terms but are based on the same premise or concept. Generally, they fall within the areas of: autonomy or independent decision making regarding patient management, higher learning or graduate level education, clinical expertise in a specific area, leadership in practice and engaging in research. The combination of honed skills and enriched attributes is the hallmark of an advanced practitioner. There are differing positions on what is an acceptable purpose or use of the role of advanced practice.\[[@ref214]\] However, a positive impact, directly or indirectly, on the patient and/or system is possible and important to demonstrate. Challenges to advanced practice are best addressed by conducting research to provide evidence of value.\[[@ref215]\]

Educating Medical Imaging Technologists: Science v Art

James

Daphne

School of Health Sciences, University of Newcastle, Newcastle, New South Wales, Australia

This presentation will discuss the nexus of science and art in the education of medical imaging technologists in Australia. Medical Radiation Science programs in Australia are built on a foundation of basic science, interwoven with the development of profession-specific knowledge and clinical skills. Science and art in all aspects of medicine are supplementary to each other. The art of our professions is centred in patient care and in the subtle nuances required for the development of clinical skills. Education providers use simulated learning activities to prepare students for clinical practice in areas such as communication skills, venepucture, and image interpretation. Clinical supervision and assessment requires practitioners to make subjective judgements and assess students' practical performance. Clinical educators need to develop effective skills to ensure students are given quality feedback and have a successful clinical experience.

New technologies and Applications in Nuclear Medicine: What's New in Single Photon Emission Computed Tomography/Computed Tomography

Kench

Peter

University of Sydney, Sydney, Australia

It's now more than thirty years since the introduction routine clinical SPECT imaging in the 1980's, what will the new generation SPECT imaging look like? For decades, most SPECT gamma cameras have been comprised of two rotating collimated detectors positioned at 90 or 180 degrees. The addition of CT to SPECT saw significant improvements in diagnostic accuracy due to accurate correction of photon attenuation and a better knowledge of the radiopharmaceutical localisation. For many clinical applications, a single SPECT is performed to further investigate abnormal uptake seen in planar images. Investigators have demonstrated that for metastatic bone imaging, whole-body planar imaging may be replaced by whole-body SPECT for the same administered dose and imaging time, with the advantage of improved sensitivity. The implementation of quantitative SPECT for the assessment of patient dose for theranostics applications may also benefit from whole-body SPECT allowing improved calculation of therapeutic administered activity. The same technological advances that enable whole-body SPECT may also be utilised to perform dynamic SPECT. Fast rotating dual head gamma cameras may provide sufficient temporal resolution to see subtle changes in radiopharmaceutical distribution over time. Dynamic cardiac SPECT is now possible due to the unique acquisition geometry of dedicated cardiac scanners where multiple detectors surround the heart for tomography. The addition of whole-body and dynamic SPECT to conventional molecular imaging will provide the clinician with new data to aid in the accurate diagnosis of disease and planning of therapy.

Revolution of Science in Medical Radiation Science

Kench

Peter

University of Sydney, Sydney, Australia

Radical changes to medical radiation sciences come from the implementation of new knowledge from associated and sometimes very different fields of science. Disruptive advances in Nuclear Medicine broadly come from the advancements in the areas of: radionuclide production and chemistry; technological advances in signal processing, photon detectors, collimation and unique imaging geometries; new software algorithms that create precise images of radionuclide distribution and accurately map minute changes in molecular pathways. This presentation will examine current advances in radiopharmaceuticals, molecular imaging systems and software engineering that may result in improved healthcare and patient experience.

Cardiac Computed Tomography-Techniques and Challenges

Lane

Hannah

Department of Radiology, Austin Health, Melbourne, Victoria, Australia

With coronary artery disease continuing to be a leading cause of death in western societies, early identification and treatment of disease is essential for positive patient outcomes. Whilst coronary angiography remains the gold standard for luminal assessment, non-invasive diagnostic imaging tests such as computed tomography (CT) are increasingly being utilised in the assessment of coronary artery disease and cardiac function. The technology in this field is rapidly evolving, enabling lower radiation doses for higher resolution images and widespread accessibility. This presentation aims to provide a brief overview of the history of cardiac imaging, discuss the challenges associated with cardiac CT and techniques to overcome these. The advantages and disadvantages of CT will be contrasted with other cardiac imaging modalities such as magnetic resonance imaging (MRI) and nuclear myocardial perfusion studies.

The Old and New Artefacts of Single Photon Emission Computed Tomography/Computed Tomography Imaging

O'Keeffe

Darin

Christchurch Hospital, Christchurch, New Zealand

Optimal radiopharmaceutical and administered activity selection are the first elements for successful SPECT imaging. SPECT imaging also places great demand upon the performance of the gamma camera system and requires adherence to assumptions made for the purpose of image reconstruction, such as that the radioactivity distribution will remain static during the acquisition. When the performance of the imaging system diminishes, or the assumptions are violated, SPECT image quality is compromised and artefacts can arise. The addition of a CT acquisition for anatomical localisation or attenuation correction adds its own performance requirements and set of assumptions when the CT data is used to derive linear attenuation coefficients for attenuation correction. Artefacts in the CT scan can propagate into the SPECT images and obscure or even mimic pathology. In this presentation we briefly visit some of the artefacts that have plagued SPECT imaging since its early development, such as patient motion and gamma camera non-uniformity. We then work through a selection of common SPECT and SPECT/CT-specific artefacts, formulating a mindset to help recognise and prevent or minimise such artefacts.

177

Lu-Prostate Specific Membrane Antigen Theranostics -- A 50 Patient Introduction

Scalzo

Mark

Peter MacCallum Cancer Centre, Melbourne, Victoria, Australia

With a long standing Peptide Receptor Radionuclide Therapy (PRRT) program for Neuroendocrine Tumours (NETs), Peter MacCallum Cancer Centre was well established to add to its theranostic arsenal. Utilising radiolabelled Prostate Specific Membrane Antigen (PSMA) under trial conditions has been a process of evolution in treating patients with advanced prostate cancer - who have failed other forms of conventional therapies including chemotherapy and radiotherapy. The aim of this presentation is to describe the relationships between three distinctive diagnostic imaging radionuclides \[^68^Ga-PSMA, ^18^F-FDG & ^99m^Tc-MDP\] and the two Nuclear Medicine imaging techniques \[PET/CT and SPECT/CT\] and their role in determining a patient's suitability for treatment with ^177^Lu-PSMA. Workflow considerations relating to the administration and post-therapy imaging of 177Lu-PSMA will also be discussed as part of the desired learning objectives.

Advances in Detector Technology in Nuclear Medicine and Hybrid Imaging

Somanesan

S

Department of Nuclear Medicine and PET, Singapore General Hospital, Singapore

A review of Nuclear Medicine and PET detectors will be initially undertaken to give participants an idea of the advancement and historical development of these detectors. The replacement of scintillation/PMT detector system will be discussed in detail with reasons for their change, developments and current trends in detector technology would be covered. A review of solid-state detector technology that was approved by the FDA in 1997 will be provided. The high cost and sporadic ability of CZT crystals with limited adoption by the majority of companies & use in large FOV scanners will be discussed besides the long replacement cycles and substantial cuts in reimbursement that may have had a stronger adverse impact on technology adoption than previously expected will be delved into. The strong driver for solid-state technology being its ability to be coupled with other imaging modalities, such as MRI and in addition, solid-state detectors that have good low-energy resolution and are sensitive to a wider range of energies will be looked at as well. What is in the market now for hybrid SPECT/CT, PET/MR & PET/CT scanners would be discussed before summarising.

Quality Management in Nuclear Medicine

Somanesan

S

Department of Nuclear Medicine and PET, Singapore General Hospital, Singapore

Aspects of Quality Management pertaining to Nuclear Medicine imaging and radionuclide therapy will be discussed in this presentation based on the international best practice and the IAEA QUANUM process. The IAEA QUANUM checklist will be described and how it can be adapted to suit a Nuclear Medicine facility will be discussed. A mock Quality Management audit will be role played to describe the process better.

Paediatric Positron Emission Tomography/Magnetic Resonance Imaging

Veysey

Duncan

Department of Medical Imaging, The Royal Children's Hospital, Melbourne, Victoria, Australia

To provide a high quality, efficient, paediatric PET/MRI service, a Medical Imaging Department must understand and establish dedicated paediatric processes prior to implementation and service provision. Based on the experience of over 650 clinical paediatric examinations, our Institution has learnt a number of important lessons integrating PET/MRI into an imaging department. To utilise the advantages of PET/MRI for paediatric populations whilst providing a safe and high quality service, an understanding of the workflow differences of PET/MRI compared with PET/CT is required. Paediatric patients require patient-focussed care, incorporating individualised preparation and assessments, together with protocol designs and imaging sequences from an integrated team of Nuclear Medicine and MRI backgrounds. It is recognised that there are significant potential advantages of PET/MRI for paediatric populations.\[[@ref229][@ref230]\] These advantages include reduced radiation dose to the patient, attendance for a single appointment whereby dedicated three-dimensional MR imaging is often required concurrently, a reduction in sedation or general anaesthesia events, and potential for increased resolution and reporting confidence from a concurrently acquired diagnostic MRI. Other resources that are integral to a paediatric PET/MRI team, often required on short notice, include educational play therapy (EPT), pharmacological pain relief and/or sedation, general anaesthesia, vendor support, and referrer engagement. PET/MRI is an evolving field, with improvements, developments, and challenges to overcome daily. Paediatric patients add a whole gamut of emotions to demand all of your skills as a technologist. As equally as paediatric PET/MRI can be frustrating and emotional, it is satisfying, personal, and continually challenges you to provide excellence for your patient. Technological considerations are continually changing, and demand a flexible, team approach.

It's a No-Brainer: Why, What and how to Perform Quantitative Positron Emission Tomography Imaging for Neuroscience Research and Clinical Trials

Williams

Rob

Melbourne Brain Centre Imaging Unit National Imaging Facility, The University of Melbourne, Melbourne, Victoria, Australia

Neurological PET has changed beyond FDG and visual image reporting. PET scanning is now used to, screen and guide therapeutics for many neurological diseases. We have pragmatically optimised our procedures to balance accuracy, patient needs, research costs, and isotope availability and decay characteristics. This presentation will cover the technical elements that are key to Neuro PET studies. This will include quality control of instrumentation, the importance of patient preparation, and injection procedures. We will include tips for patient positioning and how to maximise technical image quality while reducing subject movement. From a technical perspective, we will discuss how to best perform imaging to match the project and the particular scanner. In longitudinal studies efficient and accurate record keeping is vital, data curation and backup, ways of doing this will also be discussed. The presentation will summarise the most common problems and the take-home tips and tricks for performing best practice neurological PET.
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Cognitive impairment is a very frequent sequel after stroke. The mechanisms explaining cognitive impairment post-stroke can be multiple, and can be related to the size and site of the stroke lesion.\[[@ref231]\] Since autopsy studies also suggested that mixed amyloid and cerebrovascular disease is a common cause for dementia, concurrent Alzheimer's pathology in subjects with stroke may also account for the cognitive impairment after stroke1. However, before the availability of amyloid PET, determining the presence of Alzheimer's pathology in subjects with stroke was not easy. Our Centre is the first group in the world that utilized Pittsburgh Compound B (PiB) PET imaging in the evaluation of cognitive impairment after stroke.\[[@ref232]\] We found that concurrent presence of significant PiB retention was present in about 30% of subjects with new onset dementia post-stroke/transient ischemic attack (TIA)\[[@ref233][@ref234]\] and its presence was associated with a rapid decline in cognition over the long term.\[[@ref235]\] Interestingly, we also found that TIA was able to trigger the onset of dementia in subjects harbouring significant amyloid burden.\[[@ref231]\] In general, subjects harbouring significant amyloid burden had a higher prevalence of Apoe4 polymorphism and slightly lesser vascular burden.\[[@ref233]\] However, in the absence of amyloid PET, determining the presence of amyloid burden in majority of subjects with stroke/TIA was not easy. Overall, amyloid PET has an important role in the management of post-stroke/TIA cognitive impairment as presence of significant amyloid burden will influence the prognosis as well as the treatment for post-stroke/TIA cognitive impairment.\[[@ref236]\]
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The recent advent of tau-specific positron emission tomography (PET) has enabled in vivo assessment of tau pathology in Alzheimer's disease (AD). However, because PET scanners have limited spatial resolution, the measured signals of small brain structures or atrophied areas are underestimated by partial volume effects. The aim of this study was to determine whether partial volume correction (PVC) improves the precision of measures of tau deposits in early AD. We investigated tau deposits in 18 patients with amyloid-positive early AD and in 36 amyloid-negative healthy controls using ^18^F-THK5351 PET. For PVC, we applied the SPM toolbox PETPVE12. The PET images were then spatially normalized and subjected to voxel-based group analysis using SPM12 for comparison between the early AD patients and healthy controls. We also compared these two groups in terms of brain atrophy using voxel-based morphometry of MRI. We found widespread neocortical tracer retention predominantly in the posterior cingulate and precuneus areas, but also in the inferior temporal lobes, inferior parietal lobes, frontal lobes, and occipital lobes in the AD patients compared with the controls. The pattern of tracer retention was similar between before and after PVC, suggesting that PVC had no effect on the precision of tau load measures. Grey matter atrophy was detected in the medial/lateral temporal lobes and basal frontal lobes in the AD patients. Interestingly, no correlation was found between atrophy and tau deposits, even after PVC. PVC did not significantly affect ^18^F-THK5351 PET measures of tau deposits. This discrepancy between tau deposits and atrophy suggests that tau load precedes atrophy.
